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PREFACE.

In the preparation of the new edition of this Manual, the work has
been wholly rewritten. North American Geological History is still, how-
ever, its chief subject. The time divisions in this history, based on the
ascertained subdivisions of the formations, were first brought out in my
Address before the meeting of the American Association at Providence in
1855; and in 1863, the “ continuous history ” appeared in the first edition
of this Manual, written up trom the State reports and other geological pub-
lications. The idea, long before recognized, that all observations on the
rocks, however local, bore directly on the stages in the growth of the Con-
tinent derives universal importance from the recognition of North America
as the world’s type-continent— the only continent that gives, in a full and
simple way, the fundamental principles of continental development.

Since 1863, when the first edition of this work was published, investi-
gation, through the geological workers of the United States, Canada, and
Mexico, has been extended over nearly all parts of the continent, so that its
history admits of being written out with much fullness. The Government
Expeditions over the Rocky Mountain region, under F. V. HaypeN, CLAR-
ENxCE King, CaApraIiN WHEELER and others, and earlier, those especially of
the Pacific Railroad Explorations, and the Mexican Boundary Commission,
were large contributors to this result; and also, since 1879, the able corps of
the United States Geological Survey.

As the rewritten book shows, new principles, new theories, and widely
diverse opinions on various subjects are among the later contributions, along
with a profusion of new facts relating to all departments of the science.

The Cambrian formation has been traced through a large part of the
continent, and the number of its fossils has been increased, chiefly by C. D.
WarLcotr, from a few to hundreds. The Appalachian Mountain structure
has been shown by Crarence King, Dr. G. M. Dawson, and R. G. McCon-
NELL to have been repeated in the great post-Cretaceous mountain-making
of the Rocky Mountain region. The Reptiles, Birds, and Mammals of the
Mesozoic and Tertiary have continued coming from the rocks until the
species recognized much outnumber those of any other continent. The cafions
and other results of erosion in the west have thrown new light, through
their investigators, on the work of the waters. Besides, the science of
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4 PREFACE.

petrology Las elumdated much of the obscure in the constitution, relations,
and origin efrocks;: ¢

Morwver Amemca, from’ ea,rly in the century, has been receiving
instruction through the development and parallel progress of the Science
in Europe and other lands.

The first edition of this Manual owed much to the advice of the able
paleontologist, F. B. MEEx, and also to his skill as a draftsman; and the
work still bears prominent evidence of his knowledge, judgment, and scru-
pulous exactness, traits which give a permanent value to all the results of
his too soon ended labors.

In this new edition, the Paleozoic paleontology is largely indebted to
Proressor C. E. BEecHER and Prorvessor H. S. Wirniams; the Jurassic,
of western America, to ProrFessor A. Hyarr; the Cretaceous, to PRoFESsOR
Hyarr, Mg. T. W. StantoN, Mr. R. P. WHITFIELD, and Proressor R. T.
Hitw; and the Tertiary, as regards the Invertebrates, to Proressor G. D.
Harris. With respect to the Vertebrates of the Jurassie, Cretaceous, and
Tertiary, very valuable aid has been received from Prorrssor MArsH, and
also in the part on Tertiary Mammals from Proressor W. B. Scorr. The
account of the arrangement and distribution of the Jurassic and Cretaceous
rocks of western America was prepared with the assistance of Mr. J. S.
Diirer; and that with regard to the marine Tertiary of the country was
chiefly written for its place by Proressor Harris. I am further indebted
to Proressor A. E. VErriLL for his revision of the pages on the Animal
Kingdom.

Moreover, the replies to requests for information have placed me under
obligation to almost all the geologists of the Continent, those of Canada as
well as the United States,— and especially to Sik Wirriam Dawson, Mg.
A. R. C. SeLwyyN, Dr. G. M. Dawsonx, Mr. CrLareENcE Kixg, Mr. C. D.
Warcort, ProrFEssor N. S. Suarer, Proressor S. H. Scuppegr, Mr.
Fraxk Leverert, Proressor R. T. Hiri, Proressor W. Upruam, Pro-
FESSOR G. F. WrieHr, Proressor J. J. StEvENsoN, Mr. Wu. H. Davy,
Dr. C. A. WuitE, and Proressor J. P. Inpixes.

Throughout this volume, the dates of papers containing cited facts or
views are often stated. If a condensed bibliography, containing in brief
form the titles of the most important geological and paleontological works
and papers, arranged under the year of publication, were accessible to the
student, these dates would be a sufficient means of reference. Without
such a Bibliography they may serve as a help in consulting, besides Reports
of Geological Surveys, the serial scientific publications. It is best to com-
mence the search with the periodical containing the most geological papers,
notes, and book notices, and follow on with the others. The American
Journal of Science commenced in 1818; the American Naturalist, in
1868 ; the American Geologist, in 1888; the Bulletin of the American
Geological Society, in 1890; the Journal of Geology, Chicago, in 1893.
Then refer to the Proceedings and Memoirs of American Scientific Soci-
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INTRODUCTION.

Kingdoms of nature. — SCIENCE, in her survey of the earth, has recog-
nized three kingdoms of nature,—the animal, the vegetable, and the
inorganic; or, naming them from the forms characteristic of each, the
ANIMAL KINGDOM, the PLANT KINGDOM, and the CRYSTAL KINGDOM. An
individual in either kingdom has its systematic mode of formation or
growth.

The plant or animal, (1) endowed with life, (2) commences from a germ,
(3) grows by means of imbibed nutriment, and (4) passes through a series
of changes and gradual development to the adult state, when (5) it evolves
new seeds or germs, and (6) afterward continues on to death and dissolution.

It has, hence, its cycle of growth and reproduction, and cycle follows
cycle in indefinite continuance.

The crystal is (1) a lifeless object, and has a simpler history; it (2)
begins in a nucleal molecule or particle; (3) it enlarges by external addition
or accretion alone; and (4) there is, hence, no proper development, as the
crystal is perfect, however minute; (5) it ends in simply existing, and not
in reproducing ; and, (6) being lifeless, there is no proper death or necessary
dissolution.

Such are the individualities in the great kingdoms of nature displayed
upon the earth.

But the earth also, according to Geology, has been brought to its present
condition through a series of changes or progressive formations, and from
a state as utterly featureless as a germ. Moreover, like any plant or animal,
it has its special systems of interior and exterior structure, and of interior
and exterior conditions, movements, and changes; and, although Infinite
Mind has guided all events toward the great end, —a world for mind, — the
earth has, under this guidance and appointed law, passed through a regular
course of history or growth. Having, therefore, as a sphere, its comprehen-
sive system of growth, it is a unit or individuality, not, indeed, in either of
the three kingdoms of nature which have been mentioned, but in a wider, —
2 WorLp Kivepom. Every sphere in space must have had a related
system of growth, and all are, in fact, individualities in this Kingdom of
Worlds.

9



10 INTRODUCTION.

Geology treats of the earth in this grand relation. It isas much removed
from Mineralogy as from Botany and Zoélogy. It uses all these depart-
ments; for the species under them are the objects which make up the
earth and enter into geological history. The science of minerals is more
immediately important to the geologist, because aggregations of minerals
constitute rocks, or the plastic material in which the records of the past
were made.

The earth, regarded as such an individuality in a world kingdom, has not.
only its comprehensive system of growth, in which strata have been added
to strata, continents and seas defined, mountains reared, and valleys, rivers,
and plains formed, all in orderly plan, but also a system of currents in its
oceans and atmosphere, —the earth’s circulating-system ; its equally world-
wide system in the distribution of heat, light, moisture, and magnetism, and
of plants and animals; its system of secular variations (daily, annual, etc.)
in its climate and all meteorological phenomena. In these characteristics
the sphere before us is an individual, as much as a dog, or a tree; and, to
arrive at any correct views on these subjects, the world must be regarded in
this capacity. The distribution of man and nations, and of all productions
that pertain to man’s welfare, comes in under the same grand relation; for,
in helping to carry forward man’s progress as a race, the sphere is working
out its final purpose. There are, therefore,

" Three departments of science, arising out of this individual capacity of
the earth.

I. Georocy, which treats of (1) the earth’s structure, and (2) its system
of development, —the latter including its progress in rocks, lands, seas,
mountains, ete.; its progress in all physical conditions, as heat, moisture,
ete. ; its progress in life, or its vegetable and animal tribes.

II. PavsiocrAaPHY, which begins where Geology ends, —that is, with
the adult or finished earth,—and treats (1) of the earth’s final surface-
arrangements (as to its features, climates, magnetism, life, ete.); and (2) of
its system of physical movements or changes (as atmospheric and oceanic
currents, and other secular variations in heat, moisture, magnetism, etec.).

ITI. THE EARTH WITH REFERENCE To MAN (including ordinary Geog-
raphy): (1) the distribution of races or nations, and of all productions or-
conditions bearing on the welfare of man or nations; and (2) the progressive
changes of races and nations.

The first of these departments considers the structure and growth of the
earth ; the second, its features and world-wide activities in its finished state ;
the third, the fulfillment of its purpose in man.

Relation of the earth to the universe.— While recognizing the earth as
a sphere in a world kingdom, it is also important to observe that it holds
a very subordinate position in the system of the heavens. It is one of the
smaller satellites of the sun, — its size about {5lyyy that of the sun. And
the planetary system to which it belongs, although 3,000,000,000 of miles
in radius, is but one among myriads, the nearest star being 7000 times.
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farther off than Neptune. Thus it appears that the earth is a very small
object in the universe. Hence we naturally conclude that it is a dependent
part of the solar system; that, as a satellite of the sun, in conjunction with
other planets, it could no more have existed before the sun, or our planetary
system before the universe of which it is a part, than the hand before the
body which it obediently attends.

Although thus diminutive, the laws of the earth are the laws of the
universe. One of the fundamental laws of matter is gravitation; and this
we trace not only through our planetary system, but among the fixed stars,
and thus know that one law pervades the universe.

The rays of light which come in from the remote limits of space are
a visible declaration of unity; for this light depends on molecular vibra-
tions, —that is, the ultimate constitution and mode of action of matter; and,
by the identity of its principles or laws, whatever its source, it proves the
essential identity of the molecules of matter.

Meteoric stones are specimens of celestial bodies occasionally reaching
us from the heavens. They exemplify the same chemical and ecrystal-
lographic laws as the rocks of the earth, and have afforded no new element
or principle of any kind.

The moon presents to the telescope a surface covered with the craters of
voleanoes, having forms that are well illustrated by some of the earth’s
volcanoes, although of immense size. The principles exemplified on the
earth are but repeated in her satellite.

Thus, from gravitation, light, meteorites, and the earth’s satellite, we
learn that there is oneness of law through space. The elements may differ
in different systems, but it is a difference such as exists among known
elements, and even if exemplifying new laws, such laws cannot be at
variance with those illustrated by nature within reach of terrestrial investi-
gation. The universe, if open throughout to our explorations, would vastly
expand our knowledge, and science might have a more beautiful superstruc-
ture, but its basement-laws would be the same. A treatise on Celestial
Mechanics printed in our printing-offices would serve for the universe.

The earth, therefore, although but an atom in immensity, is immensity
itself in its revelations of truth; and science, though gathered from one
small sphere, is the deciphered law of all spheres.

It is well to have the mind deeply imbued with this thought, before
entering upon the study of the earth. It gives grandeur to science and
dignity to man, and will help the geologist to apprehend the loftier charac-
teristics of the last of the geological ages.

Special aim of geology, and method of geological reasoning. — Geology is
sometimes defined as the science of the structure of the earth. But the
ideas of structure and origin of structure are inseparably connected, and in
all geological investigations they go together. Geology had its very begin-
ning and essence in the idea that rocks were made through secondary
causes; and its great aim has ever been to study structure in order to com-
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prehend the earth’s history. The science, therefore, is a historical science.
It finds strata of sandstone, clayey rocks, and limestone, lying above one
another in many successions; and, observing them in their order, it assumes,
not only that the sandstones were made of sand by some slow process,
clayey rocks of clay, and so on, but that the strata were successively formed;
that, therefore, they belong to successive periods in the earth’s past; that, con-
sequently, the lowest beds in a series were the earliest beds. It hence infers,
further, that each rock indicates some facts respecting the condition of the
sea or land at the time when it was formed, one condition originating sand
deposits, another clay deposits, another lime, —and, if the beds extend over
thousands of square miles, that the several conditions prevailed uniformly
to at least this same extent. The rocks are thus regarded as records of
successive events in the history, —indeed, as actual historical records; and
every new fact ascertained by a close study of their structure, be it but the
occurrence of a pebble, or a seam of coal, or a bed of ore, or a crack, or
any marking whatever, is an addition to the records, to be interpreted by
careful study.

Thus every rock marks an epoch in the history; and groups of rocks,
periods; and still larger groups, eras or ages; and so the eras which reach
through geological time are represented in order by the rocks that extend
from the lowest to the uppermost of the series.

If, now, the great beds of rock, instead of lying in even horizontal
layers, are much folded up, or lie inclined at various angles, or are broken
and dislocated through hundreds or thousands of feet in depth, or are
uplifted into mountains, they bear record of still other events in the great
history ; and should the geologist, by careful study, learn how the great
disturbance or uplifting was produced, and succeed in locating its time of
occurrence among the epochs registered in the rocks, he would have inter-
preted the record, and added not only a fact to the history, but also its
explanation. The history is, hence, a history of the upturnings of the
earth’s crust, as well as of its more quiet rock-making.

If, in addition, a fossil shell, or coral, or bone, or leaf, is found in one of
the beds, it is a relic of some species that lived when that rock was forming;
it belongs to that epoch in the world represented by the particular rock
containing it, and tells of the life of that epoch; and, if numbers of such
organic remains occur together, they enable us to people the seas or land, to
our imagination, with some of the kinds of life that belonged to the ancient
epoch.

Moreover, as such fossils are common in a large number of the strata,
from the lowest containing signs of life to the top,—that is, from the oldest
beds to the most recent, — by studying out the characters of these remains
in each, we are enabled to restore to our minds, to some extent, the popula-
tion of the epochs, as they follow one another in the long series. The strata
are thus not simply records of moving seas, sands, clays, and pebbles, and
disturbed or uplifted strata, but also of the living beings that have in
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succession occupied the land and waters. The history is a history as com-
plete as can be learned from the fossils of the life of the globe, as well
as of its rock-formations; and the life-history, imperfect though it be, is
the great topic of Geology: it adds tenfold interest to the other records of
the rocks.

These examples are sufficient to explain the basis and general bearing of
geological history. '

The method of interpreting the records rests upon the simple principle
that rocks were made as they are now made, and life lived in olden time as
it now lives; and, further, the mind is forced into receiving the conclusions
arrived at by its own laws of action. We observe that many of the common
rock-strata consist of the same materials that make up the deposits of sand
and gravel of sea-beaches or sand-flats, or of the clays or muds of the bottoms
of estuaries or the borders of rivers, and that they are arranged in beds like
the modern deposits, even have, at times, ripple-marks and other evidences.
of the action of water or wind; and further remark that these hard rocks
differ from the loose sand, clay, or pebbly deposits simply in being consoli-
dated into a rock; and, in other places, discover these sand-deposits in all
states of consolidation, from the soft, movable sand, through a half-compacted
condition, to the gritty sandstone. By such steps as these, the mind is
borne along irresistibly to the conclusion that rocks were slowly made
through common-place operations.

These few examples elucidate the mode of reasoning upon which geo-
logical deductions are based.

In using the present in order to reveal the past, we assume that the
forces in the world are essentially the same through all time; for these
forces are based on the very nature of matter, and could not have changed.
The ocean has always had its waves, and those waves have ever acted in
the same manner. Running water on the land has ever had the same power
of wear and transportation and mathematical value to its force. The
laws of chemistry, heat, electricity, and mechanics have been the same
throughout time. The plan of living structures is fundamentally one, for
the whole series belongs to one system, as much almost as the parts of an
animal to one body; and the relations of life to light and heat, and to the-
atmosphere, have ever been the same as now. The laws of the existing
world, if perfectly known, are consequently a key to past history.

SUBDIVISIONS OF GEOLOGY.

(1) Like a plant or animal, the earth has its systematic external form
and features, which should be reviewed.

(2) Next, there are the constituents of the structure to be considered:
first, their nature; second, their general arrangement.

(3) Next, the successive stages in the formation of the structure, and
the concurrent steps in the progress of life, through past time.
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(4) Next, the general plan or laws of progress in the earth and its life. .

(5) Finally, there are the active forces and mechanical agencies which
were the means of physical progress, — spreading out and consolidating
strata, raising mountains, ejecting lavas, wearing out valleys, bearing the
material of the heights to the plains and oceans, enlarging the oceans,
destroying life, and performing an efficient part in evolving the earth’s
structure and features.

These topics lead to the following subdivisions of the science: —

I. PuvstocraPHIC GEOLOGY, — a general survey of the earth’s surface-
features.

II. SrructurAL GEoLoGY, —a description of the rock-materials in the
structure of the globe, —that is, of its kinds of rocks, and of their arrange-
ment or positions.

III. Dy~namicaL Geornocy,—an account of the agencies or forces that
have produced geological changes, and of the laws, methods, and results of
their action.

IV. HistoricAL GeoroGy, —an account of the earth’s geological his-
tory, or the successive events or steps in the making of the rock-strata, and
of the continents, seas, mountains, and valleys, in the progress of the
earth’s living species, and in all changes that have gone forward in the
earth’s development. '

In the study of the science, a previous knowledge of the methods of change taught in
the Dynamical section is desirable in order fully to comprehend Historical geology ; and
a knowledge of the actual facts and their succession given in the Historical section is
desirable to understand the causes of events and methods of change. There is reason,
therefore, for studying Dynamical geology before Historical as well as after it. It is here
made to precede. But the last topic under it — that of the formation of mountains — will
be best appreciated after the student is familiar with the facts presented in the Historical
section.



PART L

PHYSIOGRAPHIC GEOLOGY.

THE systematic arrangement in the earth’s features is an indication
of system in the earth’s development. The orderly arrangement in the
continents and oceans, island chains and mountains, is an outcome of the
most fundamental movements in the forming sphere. An appreciation
of tue earth’s physiognomy is hence the first step toward an investigation
of its laws of origin. This subject is therefore an important one to the
geologist, although its facts come also within the domain of physical
geography. They are the final results in geology, and thence become the
arena of the physical geographer.

The following are the divisions in this department: —

I. The earth’s general contour and surface subdivisions.
I1. System in the reliefs or surface forms of the continental lands.
III. System in the courses of the earth’s feature lines.

These topics are followed by a brief review of, —

IV. Oceanic and atmospheric movements and temperature.
V. Geographical distribution of plants and animals.

I. THE EARTH’S GENERAL CONTOUR AND SURFACE SUBDIVISIONS.

The subjects under this head are —the earth’s form; the distribution
of land and water; the true outlines and features of the oceanic depression;
the subdivisions, positions, and general features of the land ; the height and
kinds of surface of the continents.

(1) Spheroidal form.-—The form of the earth is spherical, with the
. poles flattened, the distance from the center to the pole being about 53,
shorter than that from the center to the equator. The length of the
equatorial radius is 3963 miles, and that of the polar about 13} miles less.
The form approaches closely that of an ellipsoid of revolution. The mean
density is about 55 times that of water, which is a little more than twice
that of the two most common minerals, caleite (2:72) and quartz (2-65), and
more than two thirds that of pure iron (7-75).
15



16 PHYSIOGRAPHIC GEOLOGY.

The density of the moon is 31, or about that of basalt; of Mercury, 6-2; of Venus
and Mars, each, 52 ; of Jupiter, 1-3.

The earth’s atmosphere, if considered a part of the sphere, adds several
hundred miles to its diameter. Its actual limit is not ascertained ; but evi-
dence from meteorites places it at least 200 miles above the earth’s surface.

(2) General subdivisions of the earth’s surface. — Proportion of land and
water. — In the surface of the sphere there are about 739, of water to 279,
of dry land. The proportion of land north of the equator is nearly three
times as great as that south. The zone containing the largest proportion
of land is the north temperate, the area equaling that of the water; while
it is only one third that of the water in the torrid zone, and hardly one
tenth (%) in the south temperate.

Out of the 196,900,000 of square miles which make up the entire
surface of the globe, 144,155,000 are water and 52,745,000 land. In the
northern hemisphere the land covers 38,780,000 square miles, and the water
59,670,000; in the southern, the land 13,965,000 square miles, the water
84,485,000.

Land in one hemisphere.—If a globe be cut through the center by a
plane intersecting the meridian of 175° E. at the parallel of 40° N., one of
the hemispheres thus made, the northern, will contain nearly all the land of
the globe, and the other be almost wholly water. The annexed map repre-
sents the two hemispheres. -

o
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The pole of the land-hemisphere in this map is in the western half of
the British Channel; and, if this part, on a common globe, be placed in the
zenith, under the brass meridian, the horizon-circle will then mark the line
of division between the two hemispheres. Of the 98,450,000 square miles
of surface in each hemisphere, there are about 45,000,000 of land in the
land-hemisphere and only about 7,000,000 in the other. The portions of
land in the water-hemisphere are the extremity of South America below
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25° 8., and Australia, together with the islands of the East Indies, the Pacific,
and the Antarctic. London and Paris are situated very near the center of
the land-hemisphere.

General arrangement of the oceans and continents. — Oceans and conti-
nents arve the grander divisions of the earth’s surface. But, while the
continents are separate areas, the oceans occupy one continuous basin or
channel. The waters surround the Antarctic pole and stretch north in three
prolongations, — the Atlantic, the Pacific, and the Indian oceans. The land
1s gathered about the Arctic, and reaches south in two great continental
masses, the occidental and oriental, called America and Eurasia; but the
latter, through Africa and Australia, has two southern prolongations,
making, in all, three, corresponding to the three oceans. Thus the conti-
nents and oceans interlock, the former narrowing southward, the latter
northward.

This subject is illustrated on the map, page 47. It is a Mercator’s chart of the World,
which, while it exaggerates the polar regions, has the great advantage of giving correctly
all courses, that is, the bearings of places and coasts. The trends of lines (‘¢ trend * means
merely course or bearing) admit, therefore, of direct comparison upon such a chart. It is
important that the globe should be carefully studied in connection with it, in order to
correct misapprehensions as to distances in the higher latitudes, and to appreciate the
convergences between lines that have the same compass-course. The low lands of the
continents on this chart, or those below 800 feet in elevation above the sea, are distin-
guished from the higher lands and plateans by a lighter shading. The oceans are crossed
by isothermal lines, which are explained beyond.

The Atlantic is the narrow ocean, the mean breadth of the North Atlantic
being about 2800 miles. The Pacific is the broad ocean, being 6000 miles
across, or more than twice the breadth of the Atlantic. The occident, or
America, is the narrow continent, about 2200 miles in average breadth;
Eurasia, the broad continent, 6000 miles in average breadth. Each continent
has, therefore, as regards size, its representative ocean. The Pacific Ocean,
reckoning only to 62° S., has an area of 62,000,000 square miles. This is ten
millions beyond the area of the continents and islands, and nearly one third
of the earth’s surface.

(3) Oceanic depression. — (&) Outline. — The oceanic depression is a vast
sunken area, varying in depth from 500 feet or less to probably 30,000 feet.

The true outline of the depression is not necessarily the present coast-
line. About the continents there is often a shallow region which is the
submerged border of the continent. On the North American coast, off New
Jersey, as shown on the bathymetric map (page 18), this submerged border
extends out for 110 miles (and 120 from New York City), with a depth,
at this distance, of only 600 feet, its slope outward only one foot in 968.
At the 100-fathom line, as shown on the map, the waters suddenly deepen,
and here the true oceanic basin begins. This continental border of the
ocean (see large bathymetric map following page 20, on which the 100-fathom

line is finely dotted) extends northward to Newfoundland and beyond, and
DANA’S MANUAL — 2
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also southward to Cape Hatteras. Off the Carolinas it narrows much; but
in the Gulf of Mexico it has its usnal width. At times in geological history
it has been part of the actual dry border of the continent. This is proved
by the existence of a river-channel, that of the Hudson, over its submerged
surface, as shown on the accompanying map of the Atlantic border. As
here seen, the depth.of water over this border is not 50 fathoms (300 feet)
until within 15 miles of the 100-fathom line.
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Map of the Atlantic border.

On the Pacific side of both North and South America the submerged
continental border is narrow. Off California, the distance to the 100-fathom
line is in general only about 10 miles. There is then a sharp descent to
500 or 600 fathoms, and from this a decline of 1600 to 2400 fathoms within
40 or 50 miles. This is in great contrast with the Atlantic border. G.
Davidson, of the Coast Survey, reports the existence of several deep
submarine channels leading outward from the coast, which are most proba-
bly due to streams that flowed along them at some time when the land
stood much above its present level.
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Great Britain stands on a broad continental border not over 600 feet
deep, and is therefore part of the European continent. A large part of the
German Ocean is not over 95 feet deep.

In a similar manner, the Bast India Islands down to a line by the north
of New Guinea and Celebes are a part of Asia, the depth of the seas between
seldom exceeding 300 feet, while New Guinea is a part of Australia. In like
manner, the Falkland Islands are a part of South America.

These facts with respect to the 100-fathom (600 feet) limit off the
American and other coasts are illustrated on the following map.

(b) Depths of the ocean.— The depths of the ocean are given on the
following bathymetric map, prepared by the author from the charts of
the United States and British Hydrographic Department, and from the
soundings of the vessels of the United States Fish Commission. The lines
marking equal depths are made heaviest for the greatest depths, as explained
on the map. The depths are given in 100 fathoms, 21 meaning 2100
fathoms (12,600 feet).

The mean depth of the whole ocean has been estimated at 14,000 feet;
that of the North Atlantie, at 15,000; and that of the North Pacific, at 16,000
feet. As exhibited on the map, the western half of the Pacific and Atlantic
oceans has greater mean depth than the eastern; for it contains all the
4000-fathom areas, and the larger part of the 3000-fathom areas. In the
Indian Ocean the eastern side is the deeper.

In the North Atlantic, deep waters and abrupt slopes extend along near
the north shores of the West India Islands; and in this line, north of Puerto
Rico, occurs the greatest depth of the Atlantic Ocean, 4561 fathoms, or
27,366 feet. The mean slope from the Puerto Rico coast to the bottom is
about 1:14. A deep trough with abrupt sides extends from this depression
westward, north of Haiti or San Domingo; and south of Cuba there are
depths between 18,000 and 21,000 feet.

In the Pacific, off the east shore 6f northern Japan and the Kurile
Islands, there is a long 4000-fathom area, in which the greatest depth found
is 4656 fathoms, or 27,936 feet. An isolated depression of 4475 exists south
of the largest end of the Ladrone Islands, and others over 4000 fathoms
southeast of the Friendly Islands.

In the North Atlantic, between Greenland and Iceland and Norway, the
great Scandinavian plateau lies at a depth, in general, of only 1500 to 3000
feet; and along one course the greatest depth does not exceed 3600 feet.
Iceland stands upon it and is prolonged in a ridge under water southwest-
ward for 750 miles, and northeastward to the island of Jan Mayen. The
plateau has to the north of it a large, deep region of 12,000 to 15,000 feet.
To the southward it is prolonged southwestward in a relatively shallow area,
called the Dolphin shoal, which passes near the middle of the ocean to the
parallel of 25° N. or beyond, with less than 12,000 feet of water over it, and
mostly under 9600 feet. Either side, the depths are 15,000 feet or over, and
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to the westward, to a large extent, 17,400 to 21,000 feet. The facts show
plainly that if this Dolphin shoal was ever emerged as an Atlantic conti-
nent, — the fabled Atlantis of speculation, —it never could have contributed
any of its detritus to the American continent. It belongs more to the
European side.

Another shallow area occupies the middle of the south Atlantic basin in a north-and-
south direction ; and at its north end it is prolonged west-northwestward toward shallow
areas farther west. Whether the shallow area about its southern extremity reaches into
antarctic seas is not yet ascertained. A large shallow area exists on both sides of Pata-
gonia, with a west-northwest trend (see map). It may be continued in the Pacific to the
Paumotus and beyond ; if so, it follows the course nearly of the axis of the Pacific Ocean,
as the Dolphin shoal does that of the North Atlantic.

The West India sea has three deep areas: that of the Caribbean Sea, 17,000 feet in
greatest depth (which has its deepest connection with the Atlantic between Santa Cruz
and Puerto Rico, 5400 feet) ; the Cuban sea, or west Caribbean, separated from the east
Caribbean by shallow waters — 600 to 4080 feet (100 to 680 fathoms) — between Honduras
and Jamaica, with a maximum depth of more than 20,000 feet; and the Gulf of Mexico,
12,714 feet in maximum depth. The Mediterranean Sea, 2100 miles long, has likewise
its three deep-water areas: the eastern or ‘¢ Levant’’ sea, about 13,000 feet in greatest
depth ; the central, between Sardinia and Italy (separated from the eastern by relatively
shallow water, not cver 200 fathoms, between western Sicily and Tunis, in Africa), 12,500
feet ; and the western, 9500 feet.

The Straits of Gibraltar are mostly about 900 fathoms deep, but only 160 between
Cape Spartel and Cape Trafalgar.

The ranges of islands show the chief courses of shallow water in the
ocean, and the bathymetric lines drawn about them, the outline of the
basement ridges of which the islands are the summits. Some of the isolated
islands, especially those of coral-reef origin, have great depths close about
them. Bermuda, in the Atlantie, has a depth of nearly 16,000 feet (2650
fathoms) within 25 miles to the eastward, whence the mean submarine
slope is 1:8%; and a depth of 12,000 feet exists within six miles on one
side and 9} miles on the opposite —making the mean submarine slopes to
this depth very steep, they being 1:2:64 and 1:42. The small Pheenix
Islands, in the central Pacific, stand in a large area of 18,000 to 21,000 feet,
and have depths of 18,000 to 20,000 feet between them, with similarly
steep submarine slopes; in one case a slope to the 12,000 point of 1:1-5.
At Keeling atoll, in the Paumotu Archipelago, Captain Fitzroy, R. N., found
no bottom in 7200 feet at 2200 yards from the breakers — which gives a
pitch-off exceeding 1:0-92.

The island chains of the ocean may seem to indicate that great irregu-
larity prevails elsewhere over the bottom of the ocean. But, while abrupt
depressions and elevations do exist, the abyssal slopes are in general very
gradual. One remarkable exception is the occurrence in the vicinity of the
Canaries of a submarine crater a few miles wide and 1000 feet deep. Such
cases are most likely to occur in the vicinity of volcanic islands. Whether
the great depths south of the Ladrones and the Friendly Islands are craters
or not is undetermined.
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To appreciate the oceanic basins, we must conceive of the earth without
water, — the depressed areas, thousands of miles across, sunk 10,000 to
perhaps 30,000 feet below the bordering continental regions, and covering
four elevenths of the whole surface. The continents, in such a condition,
would stand as elevated mountain plateaus encircled by one great uneven,
almost featureless, basin. If the earth had been left thus, with but shallow
briny lakes about the bottom, there would have been an ascent of five
miles or more from the Atlantic basin to the lower part of the continen-
tal plateau, and about five miles more to scale the summits of the loftier
mountains of the globe. The continents would have been wholly in the
regions of the upper cold, all alpine, and the bottoms of the oceanic
basin under oppressive heat, with drought and barrenness universal. The
uneven surface of the oceanic basin has been leveled off to a plain by
filling it with water. The greatest heights of the world have thereby been
diminished more than one half, and genial climates substituted for intol-
erable extremes, rendering nearly all the emerged land habitable, and giving
moisture for clouds, rivers, and living species. By the same means distant
countries have been bound together by a common highway, into one arena
of history. ) ’

The calculated mass of the ocean, taking the depth as above given, is
1,320,000,000,000,000,000 tons. -

(4) General view of the land. — (a) Position of the land. — The land, of
the globe has been stated to lie with its mass to the north, about the Aretic
pole, and to narrow as it extends southward into the waters of the southern
hemisphere; with the mean southern limit of the continental lands in the
parallel of 45° or just half-way from the equator to the south pole.

South America reaches to 56° S. (Cape Horn being in 55° 58'), which
is the latitude of Edinburgh or northern Labrador; Africa only to 34° 51’
(Cape of Good Hope), nearly the latitude of the southern boundary of
Tennessee, and 60 miles nearer the equator than Gibraltar ; Tasmania (Van
Diemen’s Land) to 434° S., nearly the latitude of Boston or northern
Portugal.

(b) Distribution. — The independent continental areas are three in num-
ber: America, one; Europe, Asia, or Eurasia, and Africa, a second ; Australia,
the third. Through the East India Islands, Australia is approximately con-
nected with Asia, nearly as South America with North America through
the West Indies ; and, regarding it as thus united, the great masses of land
will be but two, —the American, or Occidental, and Europe, Asia, Africa,
and Australia, or the Oriental.

But, further, these great masses of land are divided across from east to
west by seas or archipelagoes. The West Indies (between the parallels of
10° N. and 30° N.), the Mediterranean (between 30° N. and 45° N.), and the
Red Sea, and the East Indies (between 30° N. and 10° 8.), with the connect-
ing oceans, make a nearly complete band of water around the globe, sub-
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dividing the Occident and Orient into north and south divisions. Cutting
across 37 miles at the Isthmus of Darien, where at the lowest pass the
greatest height above mean tide level does not exceed 260 feet, as has been
done at the Isthmus of Suez, where the highest point of the isthmus is only
40 feet above the sea, the girth of water would be unbroken. This belt of
water, like the continents, is situated mostly in the northern hemisphere,
instead of corresponding in its course to any great circle.

America is thus divided into North and South America. The oriental
lands have one great area on the north, comprising Europe and Asia com-
bined, often named Eurasia, and, on the south, (1) Africa, separated from
Europe by the Mediterranean, and (2) Australia, separated from Asia
by the East India seas. Thus the narrow Occident has one southern
prolongation, and the wide Orient two. The Orient is thus equivalent to
two Ocecidents in which the northern areas coalesce, — Europe and Africa
one, Asia and Australia the other; so that there are really three doublets in
the system of continental lands. The Caspian and Aral, which are salt seas,
lie in a depression of the continent of great extent, — the Aral being near
the level of the ocean, and the Caspian 84 feet below that of the Black Sea.

The continents have several ¢common features entitling them to be viewed
as individuals under a common type of structure. They have (1) a like
position on the sphere, each lying with its head or broader end to the north,
and the tapering extremity to the south. North America, South America,
and Africa strongly exhibit this characteristic; Asia somewhat less mani-
festly, yet decidedly in the great triangles of her southern border, Hindostan
and Siam. Australia is seemingly an exception; but there is evidence that
this land has been narrowed and shortened by subsidence, and thus has lost
New Zealand, its eastern front, and probably a large region to the south.
(See large bathymetric map following page 20.)

Another striking fact, showing system in arrangement, is seen (2) in the
relative positions of the southern and northern continents. South America
and Australia are not to the south of the related northern continent; on the
contrary, the center of South America is about 40° in longitude east of
that of North America, or nearly an eighth of the sphere, and Australia
40° east of that of Asia. Thus there is a zigzag alternation in the positions
of the four great masses of land. Further, (3) the curving line of islands
in the West Indies from Florida to Trinidad is similar in form to that
between Malacca through Sumatra and New Guinea to New Zealand,
although much shorter.

These are three of the points in which the continental individualities
exhibit the system that exists in the earth’s physiognomy.

(¢) The islands.— The islands adjoining the continents are properly conti-
nental islands. Besides the examples mentioned on page 19, Japan and the
ranges of islands of eastern Asia are strictly a part of Asia, for they con-
form in direction to the Asiatic system of heights, and are united to the
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main by shallow waters. Vancouver Island and others north of it are
similarly a part of North America; Chiloe, and the islands south to Cape
Horn, a part of South America; and so in other cases. In general they
correspond to a broader mountain range more or less submerged.

The oceanic islands are, in general, as has been stated, the summits of
submerged oceanic mountain chains. The Atlantic and Indian oceans are
mostly free from them. The Pacific contains about 675 islands, with a mean
area of only 80,000 square miles. Excluding New Caledonia and some other
large islands in its southeastern part, the remaining 600 islands have an area
of but 40,000 square miles, or less than that of the state of New York.

(d) Mean elevation of the land. — The mean height of the continents
above the sea has been estimated at nearly 1800 feet, and the mean height
of them severally is stated as follows: Europe, 975 feet; Asia, 2880; North
America, 2000 ; South America, 1750 ; and Africa, probably about 2000 feet.
The material of the Pyrenees spread over Europe would raise the surface
only 6 feet; and the Alps, though of four times larger area, only 22 feet.

The following estimates have been made for the mean heights of the United States:
for the whole area, Alaska excluded, 2500 feet ; Alabama, 500 ; Arizona, 4100 ; Arkansas,
650 ; California, 2900 ; Colorado, 6800 ; Connecticut, 500; Delaware, 60; District of Co-
lumbia, 150 ; Florida, 100 ; Georgia, 600 ; Idaho, 5000 ; Illinois, 600 ; Indiana, 700 ; Iowa,
1109 ; Kansas, 2000 ; Kentucky, 750 ; Louisiana, 100 ; Maine, 600 ; Maryland, 350 ; Mas-
sachusetts, 500 ; Michigan, 900 ; Minnesota, 1200 ; Mississippi, 300 ; Missouri, 800 ; Mon-
tana, 3400 ; Nebraska, 2600 ; Nevada, 5500 ; New Hampshire, 1000 ; New Jersey, 250 ;
New Mexico, 5700 ; New York, 900 ; North Carolina, 700 ; North Dakota, 1900 ; Ohio, 850;
Oklahoma, 1300 ; Oregon, 3300 ; Pennsylvania, 1100 ; Rhode Island, 200 ; South Carolina,
350 ; South Dakota, 2200; Tennessee, 900; Texas, 1700; Utah, 6100; Vermont, 1000 ;
Virginia, 950 ; Washington, 1700; West Virginia, 1500; Wisconsin, 1050 ; Wyoming,
6700. (Gannett.)

The extremes of level in the land, so far as now known, are, 1390 feet
below the level of the ocean at the Dead Sea, 1300 feet in the deepest part
of the Jordan valley, and 29,002 feet high in Mount Everest of the Himalayas,
which have many peaks over 25,000 feet.

In America, Death Valley, on the southeast border of California, descends
480 feet below the sea level. As stated by F. S. Coville, it is 175 miles long
and 20 in greatest width, and has the Funeral Mountains, 7000 feet high, on
the east, and the Panamints, 11,000 feet, on the west.

(5) Subdivisions of the surface, and character of its reliefs. — The surfaces
of continents are conveniently divided into (1) lowlands; (2) plateaus, or
elevated table-lands; (3) mountains. The varying levels above the sea
make up the reliefs of a continent. The limits between these subdivisions
are quite indefinite, and are to be determined from a general survey of a
country rather than from any specific definitions.

Lowraxps. — The lowlands include the extended plains or country lying
not far above tide level. In general they are less than 1000 feet above the
sea; but they are marked off rather by their contrast with higher lands of
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the mountain regions than by any special altitude. The surface is usually
undulating, and often hilly. The great interior region of the North Ameri-
can continent, including the Mississippi valley, is an example of an interior
plain; also the plains of the Amazon; the pampas of La Plata; the lower
lands of Europe and Asia. Frequently the surface rises gradually into the
bordering mountain-declivities, as in the case of the Mississippi plains and
the Rocky Mountain slope. Broad, low plains between mountain ranges and
the seashore are called coastal plains. Along the eastern border of North
America from New Jersey southward, the coastal plains are broad and have
navigable streams. Next west is a region of more uneven and rocky country
with rapid streams —the Piedmont region, which extends to the Appalachian
region, or that of the mountains.

A mounitain is either a single peak, as Mount Etna, Mount Washington,
Mount Blanc ; or a ridge; or a series of ridges, sometimes grouped in many,
more or less parallel, lines.

A mountain range consists of a series of ridges closely related in position,
direction, and origin: as in the Appalachian ranges, the Wasatch, the
Sierra Nevada. A sierre is, in Spanish, the name of a ridge, or group of
ridges, of serrated or irregular outline.

A mountain system consists of two or more mountain ranges, of the same
period of origin, belonging to a common region of elevation, and generally
either parallel or in consecutive lines, or consecutive curves, with often
inferior transverse lines of heights. A mountain chain consists of two or
more mountain-systems of different periods of origin, in the same part of a
continent. The oldest of the mountain ranges in a chain is called the protawis
—so named from the Greek for first and axis (see the map of the Archeean
areas on page 443). The other ranges are usually parallel to the protaxis,
and may, or may not, have greater height. The Appalachian Chain ex-
tends from Canada to Alabama, and comprises (1) the protaxis, represented
by the Highlands of New Jersey and Putnam County, New York, and their
continuation northward interruptedly along the eastern half of the Green
Mountains into Canada, and southward, as a narrow, interrupted area,
through Pennsylvania, and a very broad area through Virginia, to Georgia;
(2) the Taconic Range, along the borders of New England and New York to
New Jersey and beyond ; and (3) the Appalachian Range.

The Rocky Mountains also have a protaxis, with approximately paral-
lel ranges of later formation. This protaxis is the ¢ Front Range ” in Colo-
rado, nearly 1000 miles from the Pacific coast, making the Pacific border
region in this part very wide. But to the north, in Montana and Wyoming,
the protaxis makes a westward bend of 250 miles, and then resumes a north-
westward course and continues to the parallel of 521° and is represented
beyond this in isolated ridges; consequently the Pacific border region of
British America is relatively narrow. The line to the north of the United
States appears to be represented to the south in the Archzan axis of the
Wasatch and some other similar ridges. The very large area of the Pacific
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border, lying between the Wasateh line and the line of the Front Range, is
distinetively a Rocky Summit area, and peculiar to the United States portion
of the chain. A cordillera is a combination of mountain chains.

The Coast Cordillera within about 150 miles of the coast includes the
Sierra Nevada and Cascade ranges and a range in continuation in British
Columbia, which constitute together a Sierra Chain, and have heights equal
to those of the Rocky Mountain summit, and a Coast Chain 2000 to 4000
feet high in California, which is continued in the Vancouver Range of British
America, — 484 feet high in one Vancouver peak, —and, beyond the islands
of the coast, in the lofty Fairweather and St. Elias line of heights. On the
terms range, system, chain, cordillera, etc., see further, page 389.

Prareauvs. — A plateau is an extensive elevated region of flat or hilly
surface, sometimes intersected by ranges of mountains. Any extensive range
of generally flat country that is over a thousand feet in altitude is called a
plateau. It may lie along the course of a mountain chain, or occupy a wide
region between distant chains. The high land that forms the southern half
of New York is generally 1500 to 2000 feet high, and reaching an elevation of
more than 4000 feet in the Catskills, is the northern part of a plateau which
southward extends through Pennsylvania to Tennessee, and in the latter re-
glon constitutes the Cumberland Table-land. It is an example of a marginal
plateau, connected in origin with a mountain range, — that of the Appalachian
Mountains, — and econstituting its outer margin. The channeling action of
running water has mostly obliterated the plateau character, and converted the
region into a group of peaks, ridges, and valleys. In this way high plateaus
have often been sculptured into mountain-like forms. The “high plateaus”
of southern Utah, which range in height from 7000 to 9500 feet, are properly
a marginal appendage to the Wasateh Range, as their elevation was connected
with that attending the making of these mountains.

Other plateaus are intermont plateaus. They occupy the interval between
mountain ranges, chains, or cordilleras, and are the highest and largest of
plateaus. Between the Rocky and Sierra cordilleras a broad plateau
extends from Mexico northwestward through British America. It is mostly
from 3000 to 5000 feet in altitude, but the Columbia River and the Colorado
have each cut a way through the Sierra Chain and reduced the level by
denudation. There are many high ridges in the plateau, parallel in course,
or nearly so, to the mountain ranges of the sides, and in part of Oregon and
of British Columbia ridges occupy the whole breadth; but in general the
plateau features are well defined.

The portion of the plateau between the Colorado and Columbia rivers
is called the Great Basin. It has the Great Salt Lake and the Wasatch
Mountains on the east, and the Sierra Nevada and Cascade Mountains on
the west, and in this part it is nearly 500 miles wide. Its surface is mostly
4000 to 5000 feet above tide level; but although so high, it has no outside
drainage. Its streams are short, and dry up over arid saline plains or end in
saline lakes. Great Salt Lake, in Utah, is one of these lakes near its eastern
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border, and Mono Lake in California, at the foot of the lofty Sierra, is
another on the western border. The eastern half of the plateau south of
the Colorado River extends south into Mexico, and there has similar arid
features, with saline lakes and inside drainage.

The plateau of Tibet is an intermont plateau between the main range of
the Himalayas and the Kuen-Lun Mountains. It is about 13,000 feet in
altitude, but is overlooked by mountains having an altitude of 25,000 to
29,000 feet, and has its own ridge of 20,000 feet. It is 1200 miles from east
to west, and half this in mean breadth; but its eastern half is much encum-
bered by ridges.

The plateau of Quito, about 300 miles long, 40 miles wide, and 10,000 feet
above tide level, is situated between two parallel cordilleras of the Andes,
the eastern of which contains among its snow-capped cones or domes,
Cayambe (19,535, and on the equator), Antisana, Cotopaxi (19,613), Sangay ;
and the western, including Chimborazo (20,498 feet), Pichincha (15,924 feet),
and others. The plateau of Bolivia has an elevation of 12,900 feet, with
Lake Titicaca at 12,830 feet, and the city of Potosi at 13,330 feet.

In Europe, Spain is for the most part a plateau about 2250 feet in average elevation;
Auvergne, in France, another, of about 1100 feet ; Bavaria, another, of 1660 feet. Persia
is a plateau varying in elevation between 2000 and 4000 feet, with high ridges in many
parts. The Abyssinian plateau, in Africa, has an average elevation of more than 7000
feet; the region of Sahara about 1500 feet, except the southern part, which lies mostly at
a greater altitude than 650 feet; that of southern Africa south of the parallel of 10° S.
from 3000 to 4000 feet in mean altitude, and rising into many high summits, with the ele-
vation least to the west.

MouxTaiNs. — (@) Slopes of mountains. — The mountain mass. — The
slopes of the larger mountains and mountain chains are generally very
gradual. Some of the largest volcanoes of the globe, as Etna (Sicily) and
Loa (Hawaii), have a slope of only six to eight degrees: such mountains are
broad cones, having a base of 40 miles or more. The higher voleanic cones
of western America are mostly 25° to 35° in angle of slope.

The average eastern slope of the Rocky Mountains seldom exceeds 10
feet a mile, which is about one foot in 500, equal to an angle of only 7'
On the west the average slope is but little less gradual. The rise on the
east continues for 600 miles, and the fall on the other side for 400 to 500
miles; the passes at the summit have a height of 4944 to 10,000 feet; and
above them, as well as over different parts of the slopes (especially on the
west), there are ridges carrying the altitude above 14,000 feet. The highest
part of the range is in Colorado, where the passes are 11,000 to 13,000 feet
high; while in latitude 32° the passes are about 5200 feet; on the Central
Pacific Railroad, 6184 feet high; in Canada, 5264 to 7100 feet high; and on
the Canadian Pacific (the Kicking Horse Pass) 5300 feet high. The moun-
tain mass, therefore, is not a narrow barrier between the east and west, as
might be inferred from the ordinary maps, but a vast yet gentle swell of the
surface, having a base 1000 miles in breadth, and the slopes diversified with
various mountain ridges, or spreading out in plateaus at different levels.
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In the Sierra Nevada, the western (or gentler) slope is between 100 and
250 feet to the mile, and the eastern, for a larger part of its length, 1000
feet. In the Andes the eastern slope is about 60 feet in a mile, and the
western 100 to 150 feet; the passes are at heights from 12,500 to 16,160
feet, and the highest peak — Sorata in Bolivia — 25,290 feet. The slope is
much more rapid than in the Rocky Mountains. But there is the same kind
of mountain mass variously diversified with ridges and plateaus. The exist-
ence of the great mountain mass and its plateaus is directly connected with
the existence of the main ridges. But it will be shown in another place that
the ridges may have existed long before the mass had its present elevation
above the sea.

In the Appalachians the mountain mass is very much smaller, and the
component ridges are relatively more distinct and numerous; and still the
genelal features are on the same principle. The greatest height — Mount
Mitchell or Black Dome in North Carolina —is 6707 feet.

It is common to err in estimating the angle of a slope. To the eyes of most travelers,

a slope of 60° appears to be as steep as 80°, and one of 30° to be at least 50°. In a front

3 view of a declivity it is not possible to judge
’ rightly. A profile view should always be
obtained and carefully observed before regis-
tering an opinion.

In Fig. 3 the bluff front facing the left
would be ordinarily called a vertical precipice,
while its angle of slope is actually about
65°; and the talus of broken stones at its base would seem at first sight to be 60°,
when really 40°,
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Fig. 4 represents a section of a volcanic mountain 8°in angle; Fig. 5, another, of 7°, —
the average slope and form of Mount Kea, Hawaii; Fig. 6, the same slope with the top

7. 8. 9.

e Ny

rounded, as in Mount Loa ; Fig. 7, a slope of 15°; Fig. 8, Jorullo, in Mexico, which has
one side 27° and the other 34°, as measured by N S. Manross; Fig. 9, a slope of 40°, —
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the steepest of volcanic cones. The lofty volcanoes of the Andes are not steeper than in
Fig. 8, although often represented with angles of 40° to 50°.

With a clinometer (see Fig. 89, page 100) held between the eye and the mountain, the
angle of slope may be approximately measured. When no instrument is at hand, it is easy
to estimate with the eye the number of times a vertical, as AB in Fig. 5, is contained in the
semi-base, BC ; and, this being ascertained, the angle of slope may be easily calculated.
The ratio 1:1 corresponds to the angle 456°; 1:2 to 26° 34/; 1:3 to 18° 26'; 1:4 to 14°
25 1:5t0 1191815 1:6 60 9°287; 1:7to 8°8/; 1:8 to 79 74/ ; 1:9t0 6°203/; 1:10 to
504215 1:12to 4°46/; 1:15 to 3°49'; 1:20 to 20 52'. The iuclinations corresponding
to these ratios may be easily put into a diagram.

For altitudes over the United States, see Bulletin No. 76, U. S. Geol. Survey, by
H. Gannett, 1891.

(b) Ridges.— The ridges of a chain vary along its course. After con-
tinuing for a distance, they may gradually become lower and disappear ; and
while one is disappearing, another may rise to the right or left; or the
mountain, for scores of leagues, may be only a plateau without a high ridge,
and then new ranges of elevations may appear. The Rocky Mountains well
exemplify this common characteristic, as may be seen on any of the recent
maps. The Sierra Nevada dies out where the Cascade Range begins; and
each has minor examples of the same principle. The Andes are like the
Rocky Mountains; only the parts are pressed into narrower compass, and
the erest ranges are hence continuous for longer distances. The Appalachian
ridges rise and sink along the course of the chain.
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The general idea of this composite structure is shown in Figs. 10 to 15,
where each series of lines represents a series of ridges in a composite range.
In Fig. 10 the series is simple and straight; in Fig. 11 it is still straight, but
complex; in Fig. 12 the parallel parts are so arranged as still to make a
nearly straight composite range; while in Figs. 13 and 14 the succession
forms a curve; and in Fig. 15 there are transverse ridges in a complex series,
In ridges or ranges thus compounded, the component parts may lie distinet,
or they may coalesce so as not to be apparent.

River svsteEms. — Plateaus and mountains are the sources of rivers.
They pour the waters along many channels into the basin or low country
toward which they slope; and the channels, as they continue on, unite into
larger channels and trunks which bear the waters to the sea. The basin
and its surrounding slopes make up a river system or drainage area. The
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extent of such a region will vary with the position of the mountains
and ocean.

Over a continent there are the interior and the border river systems
or drainage areas; the former very large and few, the latter many and
relatively small.

In North America, having the Rocky Mountains on the west and the
Appalachian on the east, the great interior slopes are three: southward,
along the Mississippi; eastward, along the St. Lawrence; and northward,
along the Mackenzie and other streams.

The tributary streams of the Mississippi rise on the west, among the
heights of the Rocky Mountains, the region in and near the Yellowstone
Park supplying waters to the Missouri through a number of tributaries
including the Yellowstone and the Front Range of Wyoming, Colorado, and
New Mexico, giving origin to the Platte, Arkansas, and Canadian rivers;
on the north, in the central plateau of the continent, in northern Minnesota,
west of Lake Superior, near lat. 47°-48° long. 93°-96°, 1680 feet in elevation
—a region of lakes which is the source of the Mississippi of the maps;
and on the east, in the Appalachians, from western New York to Alabama.
There are also other rivers flowing from the west into the Gulf of Mexico;
but, in a comprehensive view of the continent, these belong to the same
great river system.

The St. Lawrence commences in the head waters of Lake Superior, about
the same central plateau, embraces the Great Lakes with their tributaries,
and flows finally northeastward, following a northeast slope of the continent.
North of Lake Superior and the head waters of the Mississippi, as far as the
parallel of 55° there are other streams, which also flow northeastward,
deriving some waters from the Rocky Mountains through the Saskatchewan,
and reaching the ocean through Hudson Bay. Winnipeg Lake is here in-
cluded. These belong with the St. Lawrence, the whole together constituting
a second eontinental river system.

The Mackenzie is the central trunk of the northern river system. Start-
ing from near the parallel of 55° it takes in the slopes of the Rocky
Mountains adjoining, and much of the northern portion of the continent.
Athabasca, Great Slave, and Great Bear lakes lie in this district.

The border river systems depend for their extent on the height and
slope of the mountains, the distance from the coast, and the structure of the
mountain region. The Appalachian range, mostly below 5000 feet in height,
is 150 to 300 miles from the coast. But the mountains are a succession of
overlapping parallel ridges, and the rivers in their higher parts go back and
forth between the ridges, thus deriving a more gradual slope, a much greater
length, and producing a longer range of watered country. The Rocky Moun-
tains, 10,000 to over 14,000 feet high, are 600 to 1000 miles from the coast.
But a second chain of equal height — that of the Sierra and Cascade ranges,
with the range of the California peninsula, which is probably a southern
continuation of the line —stands as a barrier to the more eastern drainage
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within 150 miles of the coast, and thus influences the extent of the Pacific
border river systems. The western drainage of the Rocky Mountains, rising
partly in the Yellowstone Park, and partly just south of it, has its outlet
to the ocean through the Colorado and Gulf of California, and along the
Columbia River and streams farther north, the Colorado and Columbia
reaching salt water at points 1200 miles apart. Thus it is that the “ Great
Basin ” is without drainage. Again, a subordinate range of this chain, that
of the Coast Range, 2000 to 4000 feet high, is a barrier, for 800 miles, to
most of the drainage waters of the Sierra Nevada and Cascade Mountains;
and consequently the Sacramento and Joaquin rivers, and not the ocean,
receive all the Sierra waters for 500 miles, and the Willamette, the waters
of the Cascade Range for 150 miles.

South America has an arrangement of interior river systems parallel to
that of North America; the Amazon flowing eastward, like the St. Lawrence;
the La Plata flowing southward, like the Mississippi; the Orinoco and other
streams northward, like the Mackenzie. This adds a fourth to the charac-
teristics exhibiting parallelism in structure between two continents, North
and South America (page 22). Africa, on the opposite side of the Atlantic,
has the arrangement reversed as regards the east and west streams: the
great Niger empties into the western ocean, the Atlantic; the Nile is the
northward-flowing stream ; but the southward-flowing interior waters are
divided between the Congo draining to the southwestward and the Zambesi
to the southeastward.

The lengths and drainage areas of some of the largest of rivers are as follows: Amazon,
length (L.) = 3545 miles, drainage-area (D.) = 2,264,000 square miles ; La Plata, L. = 2400,
D. = 1,250,000 ; Mississippi, L. = 2800 (but from its mouth to the head of the Missouri
4200), D. = 1,285,000 ; Nile, L. = 3815, D. = 1,049,000 ; Congo, L. = 2900, D. = 1,540,000;
Yenisei, L. = 2800, D.=784,500; Amur, L. = 2380, D. = 583,000; Obi-Irtish, L. =
2320, D. = 1725,000; Lena, L. = 2400, D. = 594,000 ; Yang-tse-Kiang, L. = 2800, D. =
548,000 ; Hoang Ho (Yellow River), L. = 2280, D. = 537,000.

The lengths of the valleys, excluding the minor beds, are: the Amazon, 2600 miles;
the Mississippi, 1164 ; the Nile, 3100.

II. SYSTEM IN THE RELIEFS OR SURFACE FORMS OF THE
CONTINENTS.

Law of the system. — The mountains, plateaus, lowlands, and river regions
are the elements, in the arrangement of which the system in the surface form
of the continents is exhibited. The law at the basis of the systemn depends
on a relation between the continents and their bordering oceans, and is as
follows : —

First. The continents have in general elevated mountain borders and
a low or basin-like interior.

Second. The highest border faces the larger ocean.

A survey of the continents in succession with reference to this law will
exhibit both the unity of system among them and the peculiarities of each,
dependent on their different relations to the ocean.
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(1) America. — The two Americas are alike in lying between the Atlan-
tic and the Pacific. North America, in accordance with the law, has on the
Pacific side —the side of the great ocean — the Rocky Mountains, on the
Atlantic side the low Appalachians, and between the two there is the great
plain of the interior. This is seen in the annexed section (Fig. 16) from
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west to east: on the west, the Rocky Mountains, with the double crest, at b;
the Sierra Range at a; between a and b the Great Basin; at d the Appa-
lachians; ¢ the Mississippi; and between d and b a section of the Mississippi
river system.

The Appalachians, on the east, reach an extreme height of but 6700 feet,
and are in general under 2500 feet.

To the north of North America lies the small Aretic Ocean, much encum-
bered with land; and without any distinet mountain-chain facing the ocean.

South America, like North America, has its great western range of moun-
tains, and its smaller eastern range (Fig. 17); and the Brazilian line (b) is
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closely parallel to that of the Appalachians. The Andes (@) face the very
broad South Pacific, and have more than twice the average height of the
Rocky Mountains ; moreover, they rise more abruptly from the ocean, with
narrow shore plains.

Unlike North America, South America has a broad ocean on the north,
— the North Atlantic in its longest diameter; and along this northern coast
a mountain chain extends through Venezuela and Guiana.

(2) Europe and Asia. — The land covered by Europe and Asia is a single
area of land, only partially double in its nature (page 22). Unlike either of
the Americas, it lies east-and-west, with an extensive ocean facing Asia on
the south; and its great feature lines are in a large degree east-and-west.
The small Arctic Ocean is on the north; the larger North Atlantic on the
west; the still larger North Pacific on the east: Africa and the broad Indian
Ocean, singularly free from islands, are on the south. The boundary is
a complex one, and the land between the Atlantic and Pacific is over 6000
miles broad.
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On the side of the North Atlantic there are the mountains of Scan-
dinavia and the British Isles, the former having a mean height of 4000 feet
and a maximum, in Galdhopig, of 8400 feet; and farther south, the Alps
and other mountains of eastern Europe, the higher portions covering but
small areas. On the side of the larger Pacific there are loftier mountains
in long ranges — the Shan-a-lin range of Manchuria, having peaks of 10,000
t0 12,000 feet, and the high Khingan range of 15,000 feet, facing China. Off
the coast there is still another series of ranges, now partly submerged, —
viz. those of Japan and other linear groups of islands; these stand in front
of the interior chain, very much as the Cascade range and Sierra Nevada of
the Pacific border of America are in advance of the summit ridges of the
Rocky Mountains, and both are alike in being partly voleanic, with cones
of great altitude.

Thus viewing Eurasia across its whole breadth from west to east, there is
an tnterior basin of immense extent, which includes some of the lowest land
of the globe. The plains of eastern Europe, north of the Carpathians, com-
prise three fifths of all Europe, and are situated, with reference to the
mountain-border of Europe, like the Mississippi basin with reference to the
Appalachians. Farther east there is the low land of the Caspian-Aral basin
of western Asia, a million of square miles in area, over a fourth of it lying
below the sea level.

Facing the large and open Indian Ocean, and looking southward, stand
the Himalayas,—the loftiest of mountains, in which peaks of 20,000 feet
and over are very numerous, and few passes are under 16,000 feet, —called
the Himalayas as far as Kashmir, and from there, where a new sweep in the
curve begins, the Hindu-Kush, — the whole over 2000 miles in length:
not so long, it is true, as the Andes, but continued as far as the ocean in
front continues. The Kuen-Lun Mountains, to the north of the Himalayas,
make another crest to the great chain. Farther north lies the great interior
arid plateau, the Desert of Gobi; and then rise other mountain chains, the
Thian-Shan to the northwest having peaks of 14,000 to 15,000 feet, the
Yablonoi to the northeast, and farther north, the Altai facing Siberia.
Beyond these stretches Siberia, an alluvial area, 1000 miles wide.

18.
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The diagram (Fig. 18) represents the general features of a section from
north to south through the Himalayas. At a, there is the elevated land
of India; between a and b, the low river-plain at the base of the Himalayas;
at b, the Himalayas; b to ¢, Plains of Tibet; ¢, the Kuen-Lun ridge; ¢ to d,
Plains of Mongolia and Desert of Gobi; at d, the Altai; d to x, the Siberian
plains.
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The great desert-plateau of Gobi or Mongolia, 3000 to 4000 feet in eleva-
tion, is a great interior basin, and the Altai and associated ranges are the
mountains facing the Arctic seas. But the distance to those seas is so great
that it is as reasonable to regard the Mongolian area as a platean between
high mountain ranges facing the Indian Ocean, and Arctic Asia, like Arctic
America, as without any mountains bordering the small Arctic sea.

The interior drainage system for Asia is without outlet. The waters are
shut up within the great basin, the Caspian and Aral being the seas which
receive the part of those waters not lost in the plains. The Volga and other
streams, from a region of a million of square miles, flow into the Caspian.
Lake Baikal, regarded as a Siberian lake, is 30 degrees of latitude, or over
2000 miles, from the Arctic coast.

The Urals, 2000 to 3000 feet in mean altitude, stand as a partial barrier
between Asia and Europe, parallel nearly with the mountains of Norway.

Looking over the broad surface of North America and of Eurasia on the
map, on page 47, the fact that the higher lands are on the side of the greater
ocean is strikingly illustrated. In each, the dark shaded or more elevated
portion is mainly on the Pacific side.

(3) Africa. — Africa has the Atlantic on the west, the broader Indian
Ocean on the east, with Europe and the Mediterranean on the north, and the
South Atlantic and Southern Ocean on the south. The northern half has
the east-and-west position of Asia, and the southern the north-and-south of
America; and its reliefs correspond with this structure. The Guinea coast,
belonging to the northern half, projects west in front of the south Atlantic,
and is faced by the east-and-west Kong range, about 2000 feet high; and
opposite, on the Mediterranean, there are the Atlas Mountains, the high
plateau of which is about 3000 feet; one peak in the Atlas of Morocco
is 13,000 feet high, although the ridges are generally 5000 to 7000 feet.

The larger part of the Abyssinian Plateau is 6000 to 7000 feet in eleva-
tion, but it has one summit of 15,000 feet. It extends into the great plateau
of southern Africa; and just south of the equator stand Mount Kilima-Njaro,
18,715 feet high, and Mount Kenia, 18,000 feet, and near the meridian of
30° and 2° S., Ruwenzori, 19,000 feet (Stanley). The pass from Zanzibar
to Tanganyika is 5700 feet. A height of 6000 to 8000 feet continues south,
becoming nearly 9000 feet in the South African Republic. The drainage of
the interior is eonsequently westward, and the Zambesi is the only stream
that breaks through and reaches the Indian Ocean. Africa has been well
described as a shut-up continent, its coasts being mostly without bays.
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The section Fig. 19 gives a general idea of its features from south
to north (the heights necessarily much exaggerated in proportion to the
DANA'S MANUAL —3
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length) ; a, the southern mountains; b, the southern plateau; ¢, Lake Tchad
depression; d, Sahara plateau; e, oases depression; f, mountains on the
Mediterranean, of which there are two or three parallel ranges.

Africa has, therefore, a basin-like form, but is a double basin; and its
highest mountains are on the side of the largest ocean, the Indian. The
height of the mountains adjoining the Mediterranean is the only exception
to’the relation to the oceans.

(4) Australia. — Australia conforms also to the continental model. The
highest mountains are on the side of the Pacific, —the larger of its border-
oceans. Mountain ranges extend along the whole eastern border from
Portland in Vietoria to Cape York in the extreme north. The Australian
Alps, in New South Wales, facing the southeast shores, have peaks 5000 to
6500 feet in height. The Blue Mountains next to the north are 3000 to 4000
feet high, with some more elevated summits. On the side of the Indian
Ocean the heights are 1500 to 2000 feet. The interior is an arid region,
the center more than 600 feet above the sea.

The continents thus exemplify the law laid down, and not merely as
to high borders around a depressed interior,—a principle stated by many
geographers, —but also as to the highest border being on the side of the
greatest ocean.!

This difference between the interior and the border regions runs parallel
with another of geological nature: the border region in its older rocks, if
not the newer, is a region usually of upturned beds, and the interior, for the
most part, of nearly horizontal beds. The interior basin has this feature
in North America, in South America, and over eastern Europe in the great
plains of Turkey and Russia.

It is owing to this law that America and Europe literally stand facing
one another, and pouring their waters and the treasures of the soil into a
common channel, the Atlantic. America has her loftier mountains, not on
the east, as a barrier to intercourse with Europe, but off in the remote west,
on the broad Pacific, where they stand open to the moist easterly winds
as well as those of the west, to gather rains and snows, and make rivers and
alluvial plains for the continent; and the waters of all the great streams,
lakes, and seas make their way eastward to the narrow ocean that divides
the civilized world. Europe has her slopes, rivers, and great seas opening
into the same ocean; and even central Asia has her most natural outlet
westward to the Atlantic. Thus, under this simple law, the civilized world
is brought within one great country, the center of which is the Atlantic,
uniting the land by a convenient ferriage, and the sides the slopes of the
Rocky Mountains and Andes on the west, and the remote mountains of
Mongolia, India, and Abyssinia on the east.?

This subject affords an answer to the inquiry, What is a continent as

1 First announced dmerican Jour. Sci., IL., vols. iii. 398, iv. 92, 1847, and xxii. 335, 1856.
2 See Guyot’s Earth and Man.
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distinet from an island ? It is a body of land so large as to have the typical
basin-like form, — that is, independent mountain chains on either side of a
low interior. The mountain borders of the continents vary from 500 to 1500
miles in breadth at the base. Hence a continent cannot be less than a
thousand miles (twice five hundred) in width.

III. SYSTEM IN THE COURSES OF THE EARTH’S FEATURE LINES.

The system in the courses of the earth’s outlines is exhibited alike over
the oceans and continents, and all parts of the earth are thus drawn together
into even a closer relation than appears in the principle already explained.

The principles to which the facts point are as follows : (1) that two
great systems of courses or trends prevail over the world, a northwestern and
a northeastern, transverse to one another; (2) that the islands of the oceans,
the outlines and reliefs of the continents, and the oceanic basins themselves,
alike exemplify these systems; (3) that the mean or average directions
of the two systems of trends are northwest-by-west and northeast-by-north ;
(4) that there are wide variations from these courses, but according to prin-
ciple, and that these variations are often along curving lines; (5) that, what-
ever the variations, when the lines of the two systems meet, they meet
nearly at right angles or transversely to one another.

(1) Islands of the Pacific Ocean. — The lines or ranges of islands over
the ocean are as regular and as long as the mountain ranges of the land. To
judge correctly of the seeming
irregularities, it is necessary to
consider that, in chains like the 150S A
Rocky Mountains, or Andes, or
Appalachians, the ridges vary
their course many degrees as
they continue on, sometimes
sweeping around into some new
direction, and then returning
again more or less nearly to
their former course, and that
the peaks of a ridge are very
far from being in an exact line
even over a short course; again,
that several approximately paral-
lel courses make up a chain.

A. NORTHWESTERLY SYSTEM
oF TRENDS. — In the southwest-
ern Pacific the New Hebrides
(Fig. 20) show well this linear
arrangement; and even each island is elongated in the same direction with
the group. This direction is nearly northwest (N. 40° W.), and the length
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of the chain is 500 miles.

approximately the same course, —about northwest.
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H, Hawaii; M, Maui; 3, Kahoolawe ; 4, Lanai;

5, Molokai; O, Oahu; X, Kauai.

New Caledonia, more to the southwest, has

Between New Hebrides
and New Caledonia lies another parallel
line, the Loyalty Group. The Solomon
Islands, farther northwestward, are also
a linear group. The chain is mostly a
double one, consisting of two parallel
ranges; and each island is linear, like
the group, and with the same trend.
The course is northwest-by-west, the
length 600 miles.

In the North Pacific, the Hawaiian
range has a west-northwest course. The
Sandwich or Hawaiian Islands (Fig. 21),

from Hawaii to Kauai, make up the southeasterly part of the range, about

400 miles in length.

Beyond this, the line extends to 175° E., making

a total length of about 1500 miles, —a distance as great as from New
York to the Great Salt Lake in the Rocky Mountains, or from London to

Alexandria.
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Between these groups lie the islands of mid ocean, all nearly parallel in

their courses.

Figs. 22, 23 are examples.

The following table gives the courses of the principal chains of the ocean: —

Course.
Hawalian Tange ......ccoeiiiirteeienecsesecoasssseccnssassoes N. 64° W,
W BT 1o 0006000 0006006066 0606000066606660666060006060000 N. 60° W.
Paumotu Archipelago......coviiiiererorcoasernonecoceaneanss N. 60° W.
Tahitian or Society Islands. ... eeieerentososaseserveenneenns N. 62° W,
13 (EFTEY LIE6155 000 00000000 0000.060 008006 ©600060060600900.006006.00 N. 65° W,
Samoan or Navigators Islands .......o.vviiiiiiiiiieieiieenen., N. 68° W.
Gilbert, Tarawan, or Kingsmill Islands .........cocciviiinnennn. N. 340 W,
RaliCK groUP . . ettt iieeeeeneeenenerennessnssressannssas N. 37° W.
RECEYER ERIIDob 005600 00600000000 69060 0600060660006000606006666000 0 N. 30° W,
New Hebrides........... (0000660006600 a00300000000a08060606000 N. 40° W.
vy CRIEsEME 060 6506600 0665060 5666008650 006086666 00606060000 N. 44° W,
North extremity of New Zealand ........c.cceeeiiiiirncerannn N. 50° W,
Solomon Islands. ... vvvniiiiiiieeiiinieenaesaroiannnnnaaeenns N. 57° W.
L0uiSiade GrOUD. .« coiveeoeseissanioisioisisiesesisisseesialos e solasasioss N. 56° W,
IR A RS BRI 5566 6006 0080 0000 660868066 96000068 6 00 6605 00000066 N. 65° W.
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B. NORTHEASTERLY SYSTEM OF TRENDS. — The body of New Zealand
has a mean N. 40° E. course. The line is continued to the south, through
the Auckland and Maequarie Islands, to 58° S. To the north, in nearly the
same line, near 30° S., lie the Kermadec Islands, and farther north, near 20°
S., the Tonga or Friendly Islands.

The Ladrones, north of the equator, follow the same general course. 1t
also occurs in many groups of the northwesterly system characterizing sub-
ordinate parts of those groups. Thus, the westernmost of the Hawaiian
Islands, Niihau, lies in the north-northeast line, and the two lofty peaks of
Hawaii have almost the same bearing.

Pacrric 1sLaND cHAINS. — The groups of Pacific islands, with a few
exceptions, are not independent lines, but subordinate parts of island chains.
There are three great island chains in the ocean which belong to the north-
westerly system, — The Hawaiian, the Polynesian, and the Australasian, —
and, excluding the Ladrones, which pertain to the western Pacific, one
belonging to the northeasterly system; viz., the Tongan or New Zealand
chain.

Hawaiian chain. — This chain has already been described.

Polynesian chain. — This chain sweeps through the center of the ocean,
and has a length of 5500 miles, or nearly one fourth the circumference of
the globe. (See Fig. 24.) The Paumotu Archipelago (1), and the Tahitian,
Rurutu, and Hervey Islands (2, 3, 4) are parallel lines in the chain,

24.

1 to 10, the Polynesian chain: 1, Paumotu group; 2, Tahitian; 3, Rurutu group; 4, Hervey group;
5, Samoan, or Navigators; 6, Vakaafo group; 7, Vaitupu group; 8, Gilbert group; 9, Ralick; 10, Radack;
11, Carolines; 12, Marquesas; 13, Fanning group; 14, [Hawaiian. a to R, part of the Australasian chain:
a, New Caledonia; b, Loyalty group; ¢, New Hebrides; d, Santa Cruz group; e, Solomon Islande; f, Louisi-
ade group; g, New Ireland; k, Admiralty group. — D.
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forming its eastern extremity ; westward there are the Samoan (5) and
Gilbert (8) groups, and others intermediate; still northwestward there are
the Radack and Ralick groups (9, 10), and in 20° N., on the same line,
Wakes Island.

(a) The chain, as is seen, consists of a series of parallel ranges, suc-
ceeding and overlapping along the general course, in the manner illustrated
on page 28, when speaking of mountains. (b) It varies its course gradually
from west-northwest at the eastern extremity to north-northwest at the
western. (¢) Its mean trend is northwest-by-west (N. 56° W.), the mean
trend of all the groups of the northwesterly system in the ocean. (d) The
chain is a curving chain, convex to the southward, and marks the position of
a great central elliptical basin of the Pacific having the same northwesterly
trend. The Hawaiian is on the opposite side of it, slightly convex to the
north.

The Marquesan range (12, Fig. 24) lies in the same line with the Fanning group (13)
to the northwest, just north of the equator; and, if a connection exists, another great
chain is indicated, — a Marquesan chain.

Australasian chain (Fig. 25). —New Hebrides (K) and New Cale-
donia (M) belong to the Australasian island chain. The line of New
Hebrides is continued northwestward in the Solomon group (I) and New
Ireland, though bending a little more to the westward, and terminates in
Admiralty land (G), near 145° K., where it becomes very nearly east-and-
west : the length of the range is about 2000 miles. Taking another range
in the chain, New Caledonia (M), the course is continued in the Louisiade
group (H); then the north side of New Guinea (E), which continues bend-
ing gradually till it becomes east-and-west, near 135° E. In the southeast,
belonging to the same general line, there is the foot of the New Zealand boot
(0). The coral islands between New Caledonia and Australia appear also
to be other lines in the chain.

From New Guinea (I, T'), the east-and-west course is taken up by Ceram
(D), and again, more to the south, in the Java line of islands (A, B, C);
and from Java (B) the chain again begins to rise northward, becoming north-
west finally in Sumatra (A) and Malacea.

The several ranges make up one grand island chain, with a double curva-
ture, the whole nearly 6000 miles long. In Fig. 25, a line stands for each
group, and indicates its course ; it shows the composite nature of the chain,
and the curving course, in connection with a prevailing conformity to a
northwesterly trend.

Blending of the Australasian and Polynesian island chains.— The two
chains blend with one another in the region of the Carolines, Fig. 24 (11).
This large archipelago properly includes the Ralick and Radack groups
Fig. 24 (9, 10). At the Gilbert group, Fig. 24 (8), the Polynesian chain
divides into two parts, — the Ralick and Radack ranges. But the main
body of the Archipelago, Fig. 24 (11), trends off to the westward, and is a
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third branch, conforming in direction to the Australasian system. (a to &,
Fig. 24, are the same as M to G, Fig. 25.)

In other words, the Caroline Archipelago forks at its southeastern
extremity, —one portion, the Gilbert, Radack, and Ralick Islands (8, 9, 10
in Fig. 24), conforming to the Polynesian system, while the great body of
the Caroline Islands trends off more to the westward (No. 11), parallel with
New Ireland and the Admiralty group (g, & of the same cut), and others of
the Australasian system.

25.

\
N X
%
A, B, C, Sumatra and Java line of islands; D, Ceram; E,
north coast of New Guinea; F, South New Guinea; G,

Admiralty Islands; H, Louisiade group; I, Solomon; J,
Santa Cruz group; K, New Hebrides; L, Loyalty group; \
M, New Caledonia; N, high lands of northeast Australia; /

O, .New Zealand; ab, northwest shore of Borneo; cd, //

East Borneo; ef, west coast of Celebes; gh, west coast -
of Gilolo. — D.

New Zealand chain. — The ranges in this chain are mentioned on page 37.
The whole length, from Macquarie Island, on the south, to Vavau, a voleanic
island terminating the Tonga range, on the north, is 2500 miles. To the
east of New Zealand lie Chatham Island, Beverly, Campbell, and Emerald,
which correspond to another range in the chain.

This transverse chain is at right angles with the Polynesian system at
the point where the two meet. Moreover, it is nearly central to the ocean.
The central position, great length, and rectangularity to the northwest
ranges give great significance to this New Zealand or northeasterly system
of the ocean.

(2) Islands of the Pacific and Atlantic Oceans. — The trend of the Pacific
Ocean as a whole corresponds with that of its central chain of islands, and
very nearly with the mean trend of the whole. It is a vast channel, elon-
gated to the northwest. The range of heights along northeastern Australia
(N, Fig. 25) runs northwesterly and passes by the head of the great gulf
(Carpentaria) on the north; and the opposite side of the ocean along North
America, or its bordering mountain chain, has a similar mean trend. A
straight line drawn from northern Japan through the eastern Paumotus to



40 PHYSIOGRAPHIC GEOLOGY.

Fuegia may be called the axis of the ocean. This axial line is nearly half
the circumference of the globe in length, and the transverse diameter of the
ocean full one fourth the circumference: so that the facts relating to the
Pacific chains must have universal importance.

The North Atlantic Ocean trends to the northeast,—or at right angles,
nearly, to the Pacific; this being the course of the coasts, and therefore of
the channel. Moreover, it is the course of the central plateau along the
bottom of the north Atlantie.

The Asiatic coast of the Pacific has the direction of the northeasterly
system. The course is not nearly a straight line, like the corresponding
eastern coast of North America, but consists of a series of curves, which
series is repeated in the island chains off the coast and in the mountains of
the country back. Moreover, the curves meet one another nearly at right
angles. The first one, that of the Aleutian Islands, extends as a great
festoon between the two continents, America and Asia. The last one, which
is 1800 miles long, commences in Formosa, and extends along by Luzon,
Palawan, and western Borneo (ba, Fig. 25) to Sumatra, and terminates at
right angles with Sumatra; and another furcation of it (dc) passes by
eastern Borneo or Celebes, and terminates at right angles with Java and the
islands just east. The rectangularity of the intersections is thus preserved ;
and the curve of the Australasian chain has in this way apparently deter-
mined the triangular form of Borneo.

The Aleutian Islands (range No. 1) has a length of 1000 miles. The Kamchatka range
(No. 2) commences at right angles with the termination of the Aleutian, and bends around
till it strikes Japan at a right angle. The Japan range (No. 3) commernces north in Sa-
ghalien, and curves around to Corea. The Loochoo range (No. 4) leaves Japan at a right
angle, and curves around to Formosa. The Formosa range (No. 5) is explained above.
There is apparently a repetition of the Formosa system in the Ladrones near lon-
gitude 145° 1

(3) East and West Indies. — The general courses in the East Indies have
been mentioned on pages 38, 39. In the West Indies and Central America
there is a repetition of the curves of the East Indies. The course of the
range along Central America corresponds to Sumatra and Java; and the line
of Florida and the islands to the southeast makes another range in the
same system.

{4) The American continents. —In North America, the northwest system
is seen in the general course of the Rocky Mountains, the Cascade Range,
and Sierra Nevada; in Florida; in the line of lakes, from Lake Superior to
the mouth of the Mackenzie; in the southwest coast of Hudson Bay; in
the shores of Davis Straits and Baffin Bay ; —and with no greater divergen-
cies from a common course than occur in the Pacific. The northeast system
is exemplified in the Atlantic coast from Newfoundland to Florida, and, still
farther to the northeast, along the coast of Greenland; and to the south-
west, along Yueatan, in Central America. The Appalachian Mountains, the
river St. Lawrence to Lake Erie, and the northwest shore of Lake Superior,
repeat this trend.
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There are curves in the mountain ranges of eastern North America, like
those of eastern Asia. The Green Mountains run nearly north-and-south;
but the continuation of this line of heights across New Jersey into Penn-
sylvania curves around gradually to the westward. The Alleghanies, in
their course from Pennsylvania to Tennessee and Alabama, have the same
curve. There appears also to be an outer curving range bordering the ocean,
extending from Newfoundland along Nova Scotia, then becoming submerged,
though indicated in the sea-bottom, and continued by southeastern New
England and Long Island.

Between this latter range and that of the Green Mountains lie one or
more great basins of ancient geological time, while to the westward of the
Green Mountains and Alleghanies was the grand interior basin of the con-
tinent. The two were to a great extent distinet in their geological history,
being apparently independent in their coal deposits and in some other
formations.

In South America, the north coast has the same course as the Hawaiian
chain, or pertains to the northwest system ; and the coast south of the east
cape belongs to the northeast system; and hence the outline of the continent
makes a right angle at the cape. The northeast course is very nearly that
of eastern North America and New Zealand. The northwest is repeated in
the west coast by southern Peru and Bolivia, and the northeast in the coast
of northern Peru to Darien: so that this northern part of South America,
if the Bolivian line were continued across, would have nearly the form of a
paralielogram. South of Bolivia the Andes correspond to the northeast
system, although more nearly north-and-south than usual.

(5) Islands of the Atlantic. — The Azores have a west-northwest trend,
like the Hawaiian chain, and are partly in three lines, with evidences also of
the transverse system. The Canaries, as Von Buch has shown, present two
courses at right angles with one another, —a northwest and a northeast.

Again, the line of the southeast coast of South America extends across
the ocean, passing along the coast of Europe and the Baltic; and the moun-
tains of Norway and the feature lines of Great Britain are appfoximately
parallel to it. ’

(6) Asia and Europe. —In Asia, the Sumatra line, taken up by Malacea,
turns northward, until it joins the knot of mountains formed by the meeting
of the range facing the Pacific and that facing the Indian Ocean. At this
point, and partly in continuation of a Chinese range, commence the majestic
Himalayas, — at first east-and-west, at right angles with the termination
of the Malacca line, then gradually rising to west-northwest. The course
is continued northwestward in the Hindu-Kush, extending toward the
Caspian, —in the Caucasus, beyond the Caspian, and in the Carpathians,
beyond the Black Sea. The northwest course appears also in the Persian
Gulf, and the plateaus adjoining, in the Red Sea, the Adriatic and the
Apennines.
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Recapitulation. — From this survey of the continents and oceans it
follows : —

That, while there are many variations in the courses of the earth’s
feature-lines, there are two directions of prevalent trends, — the northwest-
erly and the northeasterly; that the Pacific and Atlantic have thereby their
positions and forms, the islands of the oceans their systematic groupings,
the continents their triangular and rectangular outlines, and the very physi-
ognomy of the globe an accordance with some comprehensive law.

Tt has been observed, first by Professor R. Owen, of Indiana (1857), that the outlines
of the continents lie in the direction of great circles of the sphere, which great circles are,
in general, tangential to the arctic or antarctic circle. By placing the north pole of a
globe at the elevation 23° 28’ (equal to the distance of the arctic circle from the pole or
the tropical from the equator), and revolving the globe eastward, part of these conti-
nental outlines, on coming down to the horizon of the globe, will be found to coincide with
it ; and on revolving it westward, most of the other lines. Other great lines, as part of
those of the Pacific, are pointed out as tangents to the tropical circles instead of the arctic.
But there are other equally important lines which accord with neither of these two systems,
and a diversity of exceptions when we compare the lines over the surfaces of the conti-
nents and oceans.

If the views of Mr. Owen are right, the direction of coast lines on the parallel of 66° 32/
north or south should be east and west (being tangent to the antarctic circle), and on the
equator, about N. 23° 28 E.; and the trend in other places intermediate between these
extremes. And in the tropical part of the ocean, great circles tangent to the tropical circles
would have the course N. 66° 32’ W. crossing the equator, but be E.-W. on the tropical
circles ; and between the two positions between N. 66° 32' W. and E.-W. The map
(see page 47) shows how far these are the actual courses.

IV. OCEANIC AND ATMOSPHERIC MOVEMENTS AND
TEMPERATURE.

The earth has east-west differences, as already pointed out, in the depths
of its oceans (page 19). But of greater importance are the east-west or
front-and-rear contrasts which are a consequence of its diurnal revolution.
Ordinary observation recognizes only the rising and setting of the sun, and
day and night, as the chief consequences of the eastward rotation. But
these are only the most obvious. The results are manifested universally in
the elimates of the globe, the winds, the tides, and oceanic currents, in the
earth’s magnetic currents, in the geological action of waters of the ocean
and land, the distribution of plants and animals; and they give to the
eastern and western sides of the continents, or the front and rear, differences
which are profound in influence both physically and physiologically. The
effects are diversified and extreme. They are moderated by the nutation of
the earth’s axis in its annual revolution, which gives the earth its winters
and summers; but they are none the less real and fundamental. Ferrel
obtained a mathematical expression for the relation of the rotation to the
winds, and announced the fundamental law (1858) that “in whatever direc-
tion a body moves on the earth’s surface, there is a force, arising from the
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earth’s rotation, which tends to deflect it to the right in the northern hemi-
sphere, but to the left in the southern.”

To illustrate fully the effects occasioned by the rotation would require
volumes. A few only are presented in the following brief account of tides,
oceanic currents and temperature, winds and climates.

THE TmipaL WAVE.

The great tidal wave, due to the attraction of the sun and moon, is a
wave-movement in the ocean to its bottom. It goes westward because of
the earth’s eastward rotation, with consequently the same rate of progress,
or 1000 miles an hour at the equator; and 12,000 miles (half the earth’s
circumference) is the length of a single wave. The Pacific is too narrow to
contain over half of the wave-curve; and the Atlantic can contain trans-
versely but a quarter of it. After leaving the Pacific its course is north-
westerly in both the Indian Ocean and the Atlantic. The height of the
wave can be measured only on islands in the open ocean, since shelving
shores and bays increase its elevation and its power as a geological agent.
At the prominent American headlands in the north Atlantic, the height
of the tide is only one to two feet; being at Cape Hatteras two feet after
traversing some miles of coast region under 600 feet in depth, and only
one foot at southeastern Nantucket. But the actual height of the tide,
according to G. H. Darwin, is only one third of an inch.

The dynamical effects of the tidal wave come up for consideration under
the head of The Ocean. :

OceANIC CURRENTS AND TEMPERATURE.

(1) Oceanic currents. — The general system of oceanic currents is simple.
In the tropical portion of the ocean, either side of a narrow equatorial belt,
the great movement or current is westward, corresponding with the course
of the trade-winds; as if it were a consequence chiefly (as many physicists
believe) of the propelling winds. Reaching the continent that lies to the
westward, the moving waters are turned poleward. Having passed the
parallel of 35° or 40°, the flow diverges more and more from the continent,
and crosses the ocean eastward to its eastern continental border; and there,
if there were no great passage-way in the ocean basin opening toward the
poiar regions, all would be forced to turn southward toward the region of
the trades, there to start anew in the great elliptical circuit.

The north Pacific has the polar regions nearly shut off from it, for
Bering Sea is shallow, and Bering Strait has a depth of only 150 feet, so
that the circuit is here of the normal kind. But the north Atlantic has a
broad open way into the Arctic seas, and the shallow region over which it
passes — the Scandinavian plateau —has a depth on it of 1500 to 3000 feet.
Consequently, only part of the waters turns southward along the submerged
European border —a large part keeping on its course northeastward, along
by Great Britain, and northward, by Iceland, into the polar seas.



14 PHYSIOGRAPHIC GEOLOGY.

The rate of flow of the tropical current is increased somewhat after
striking the borders of a continent, because of the diminished depth. As it
passes on beyond the parallel of 30° and 35°, the flow becomes more and more
easterly in course, in consequence of loss of motion by friction. In the
tropical region, the movement westward indicates a less rapid rate of move-
ment than the earth’s surface, in its daily eastward rotation. But beyond
30° the rate of flow is faster than the rotation there; and hence the result is
an eastward movement. As the waters continue on to the Arctic, friction
further diminishes_the flow, and while part goes on northeastward north of
Asia, the rest lags and goes northward and northwestward. From the full
polar seas the waters must of necessity escape southward; the lagging part
takes a course along the Greenland border and down Baffin Bay, making
the Labrador current ; and also a submarine course along the western half
of the ocean’s bottom, while the rest returns along the ocean’s bottom,—
especially along its eastern half, —and thus the Atlantic circuit is completed.

In the accompanying sketch, WE is the equator with 30° and 60° par-
allels of latitude north and south of it. North, the ellipse represents the
general movement in the north Atlantic; the branch
at P, the flow poleward, and the current at L, the
. returning Labrador current.

AN The trends of the continental coasts, and their lar

p ; o 5 ger
bays, gulfs, or seas, and bordering island groups, have
much influence on the eourse and character of the
current. Owing to the position of the north coast of
South America with reference to the opposite coast of
Africa, the circuit-stream of the south Atlantic as it
flows westward contributes a considerable branch to
the north Atlantic circuit; and because of the outlet
among the East India Islands, the circuits of the north
and south Pacific lose part of their waters by their
passing off into the Indian Ocean; and still they are plainly distinguishable
off Japan, and off Australia, in the currents and their temperature.

The most remarkable example of the effect of gulfs or seas and islands
is that afforded by the West India seas and islands. The West India sea
faces part of the slowly advancing ocean-stream. It has an area of nearly
2,000,000 square miles. Though rudely fenced in by the Windward Islands,
there are spaces over 3000 feet deep between the most of them, and less
than twice this at the chief entrance. From the Caribbean Sea the waters,
after a circuit, escape partly between the islands northwestward; but part
pass the narrow Yucatan channel with an hourly movement of one fourth of
a mile, and raise the level of the Gulf of Mexico three feet above its nat-
ural level, and, at the same time, act as a hydrostatic reservoir to make of
the escaping waters the Gulf Stream, which flows through the Florida straits
(according to Commander Bartlett) at a mean rate of three miles an hour,
and at a maximum, for 15 miles in the axis of the stream, as high as 5%

26.
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miles an hour. Off Charleston the mean hourly flow is three miles; from
there to New York it diminishes to 2} miles, and off the Banks of New-
foundland it is but 14 to two miles. The rate of flow and other characters
of the stream are thus largely due to the existence between the American
continents of the great Mexican Gulf. The Mediterranean Sea, on the
opposite side of the ocean, has no such effects, partly because it is on the
wrong side of the ocean for the production of them.

The straits of Florida have a width of about 48 miles off Jupiter Inlet,
and a maximum depth of 2634 feet; and 95 billion tons of water pass
per hour. The current reaches a zero velocity at a depth of 1800 to 2100
feet. North of the Bahamas the stream passes over the plateau bottom,
to Charleston with a mean depth of 2400 feet, and width of 75 to 100
miles; and thence to Cape Hatteras, the depth diminishing to 1800 feet.
North of Cape Hatteras, the coastward wall is in a depth of about 390
feet; and inside of this wall, as well as to the eastward of the stream
and beneath it, flow the cold waters of the Labrador current. Owing to the
delay of the waters in the Caribbean Sea and the Mexican Gulf the heat of
the tropical waters is much augmented for distribution along their northeast-
ward course.

In the central North Atlantic, between the eastward and westward parts
of the ecircuit, exists a region of calms in both winds and currents, with
great areas of floating seaweeds, which is called the Sargasso Sea. The sea-
weeds shelter a large variety of fishes and inferior living species.

A belt in the equatorial region, just north of the equator, is the course of
a counter-current both in the Pacific and Atlantic. Currents are generally
made in the ocean by the prevailing winds; and local and temporary cur-
rents, often of great geological importance, by the winds of a long-continued
storm.

(2) Oceanic temperature. — The currents of the ocean are a means of dis-
tributing its heat or cold over the globe, and making cold or warm climates
for land and sea. Tropical currents carry tropical heat to the colder regions
of the globe; and, conversely. the cold-temperate and polar currents convey
cold ; but the former mostly as a superficial flow, seldom affecting depths
below 3000 feet, while the latter move at all depths from the top to the
ocean’s bottom. The colder waters are the heavier; but when flowing along
a coast region as a lagging current, they move up the shelving bottom to the
surface in spite of any warm waters in their way; and whatever shoals they
encounter in their course, they spread up and over them, only a little affected
in temperature by the waters they displace.

Superficial effects over the ocean.—As a consequence of the elliptical
movement pointed out, and illustrated in Fig. 26, the waters of the tropical
or warm side in the circuit strike the east borders of the continents; and
those of the high latitude, or cold side, the west borders. They therefore
tend to widen the areas of warm water on the west side of an ocean, and
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narrow the areas on the east side. The cold or polar latitudes, as has
been explained, send a returning current along the continental borders
equatorward, which may be stronger on the eastern or western border,
according to geographical conditions, and thus these cold waters may mod-
ify the temperature and position of the currents in the warmer latitudes.
Thirdly, owing to the effect of the more rapid flow of the current along the
borders of the continents, the currents often carry the isothermals poleward,
making poleward bends or loops in their courses; and these may be greatly
increased in prominence or definition by the polar current along the con-
tinental borders.

+ In Fig. 27, the elliptical line (A'B’AB) represents the course of the current in an
ocean south of the equator (EQ). If now the movement in the circuit were equable,
an isothermal line, as that of 68°, would extend obliquely
across, as nn: it would be thrown south on the west side
of the ocean by the warmth of the torrid zone, and north
on the east side by the cooling influence derived from its
flow in the cold-temperate zone. But if the current, in-
stead of being equable throughout the area, were mainly
apparent near the continents (as is actually the fact), the
isothermal line should take a long bend near the coasts,
as in the line A’r'rrrrA, or a shorter bend Alss!, ac-
cording to the nature of the current. This form of the
isothermal line of G8° on the chart indicates the exist-
ence of the circuit movement in the ocean, and also some of its characteristics.

Oceanic Currents, D. ’58.

For example, the westward tropical flow in the north Atlantic carries its
warm waters over the Bermudas, bending northward the isotherm of 68°
(see map, page 47), and also that of 62°; and in the south Atlantic, bending
the isotherms of 74° and 68° far away from the equator, the latter to latitude
30°; whilz on the west side of Europe and Africa, as no tropical flow reaches
the borders, and only the high-latitude current, the isotherm of 68° is carried
in the north Atlantic to 15° N., and in the south Atlantic up to 6° S. Con-
sequently the interval between the isotherms of 68°in the eastern part of the
Atlantic Ocean is only 21° in width, while it is 64° in the western.

The isotherms on the following chart (page 47) mark the points which
have equal mean temperature for the coldest winter month, and the tem-
peratures are those of a surface layer of the ocean 90 to 180 feet deep.
For the northern hemisphere the month of greatest mean cold is January or
February, and for the southern, July or August. The chart, while isothermal,
differs widely, therefore, from other isothermal charts, and has been named
Isocrymal, from the Greek for equal and cold ({oos, xpvuds). The line of
68° I, for example, passes through points in which the mean temperature
of the surface water in the coldest month of the year is 68° F.; so with the
lines of 62°, 56° etc. All of the chart between the lines of 68° north and
south of the equator, is called the Torrid Zone of the ocean’s waters; the
region between 68° and 35° the Temperate Zone; and that beyond 35° the
Frigid Zone. 'The line of 68° is that limiting the coral-reef seas of the globe,
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or those in which reef-making corals grow, so that the coral-reef seas and
Torrid Zone thus have the same limits.

In the Pacific, the effects are no less striking than in the Atlantic, on the
west side of the American continent. Owing to the cold-latitude waters that
flow equatorward, the isotherm of 68° reaches the South American coast at
its west cape in latitude 4° S., and thus a tropical temperature is excluded
from nearly the whole of it. In the north Pacific, the cooling effect is much
less, because of the barrier to the arctic waters at the shallow Bering Strait;
the isotherm terminates against the coast at 23°. But on the east border of
Asia and Australia, or the west side of the ocean, the width of the area
between the north and south isotherms of 68° is 65°, and the mean width in
the central Pacific is about 55°.

The warm Gulf Stream extends its effects over the whole breadth of the
north Atlantic, even to Great Britain and Iceland and the polar seas, as
is indicated on the map by the long loops in the isotherm of 44° and 35°.
The warm waters extend to Spitzbergen near 82° N., and to the west side of
Nova Zembla, where the absence of ice in summer is its effect; and in favor-
able times it goes still farther east. Thus the heat of the tropies is made to
temper arctic climate. But by the time the waters have reached the polar
circle they have lost all tropical heat, and are warm only from contrast with
the mean temperature of the northern latitude.

The effects of the polar waters along the east borders of North America
are strongly marked, because they there pass alongside of the warm Gulf
Stream from the south. The southward course near the continent of the
isotherm of 35° to the southern angle of Newfoundland, and the termina-
tion of the isotherms of 50° 56° and 62° at Cape Hatteras, are a conse-
quence of the Labrador waters. Down to this cape these cold waters cover
a cold belt inside of the Gulf Stream; but farther south they are excluded
by this stream.

The polar waters are also felt, but to a less extent, on the borders of
northwest Europe. The effect is manifest also along the east Asiatic coast,
where, as the map shows, the isotherm of 35° extends down to 45° N., and
that of 68° even down to 15° N.

Deep-water effects. —The great currents of the ocean have also deep-
water effects. They are, as has been shown, deep-water currents. The Gulf
Stream has a depth of 2500 to 1800 feet from the Florida straits to Cape
Hatteras, and 1500 to 1000 north of the cape through the ocean; and the
effects of the polar currents or movements are of all depths from the
surface to the bottom. Between the two systems of movements, that of
the tropical and that of the polar waters, the ocean derives its distribution
of heat. South of Cape Hatteras, the deeper waters of the Gulf Stream
give warmth to the bottom over a belt 50 to 75 miles wide; and north of
this cape, the warm belt lies between the 65-fathom line on the west, where
stands the cold wall of the Labrador current, and the 200-fathom line on the
east; giving a temperature of 53° to 47° (Verrill) to the bottom, while on
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either side it is 45° or less. Further, where the Gulf Stream strikes the
submarine slopes of the British Islands, it gives the same temperature to
the bottom in depths of 60 fathoms or less to 600 or 700 fathoms; and
a similar cold wall exists against the polar waters of the Norwegian sea.

But through the breadth of the oceans, owing to the polar movement
equatorward, the waters at a depth of 600 fathoms, or 3600 feet, have
almost everywhere a temperature near 40° F., or from 42° to 393° F.; and at
500 fathoms, from 42° to 45°. Further, at 1000 fathoms, the temperature is
usually between 36° and 40°, and 32° to 36° at 2000 fathoms and below to the
bottom. The deeper part of the north Atlantic has a bottom temperature
of 35° I. (about 34:3°-35-6°), while in the south Atlantic it is 31°-34° because
the south Atlantic has a more open polar eonnection (Carpenter). In both
the north and the south Atlantic the area of greatest bottom cold is very
large in the western half of the ocean and small in the eastern, the ratio
being nearly 4 to 1. In the Pacific, the Challenger Expedition found bottom
temperatures of 34:6° to 354° in both the north and south Pacific, with
40° F. between 450 and 600 fathoms. In the arctic seas the bottom temper-
ature of 28° F. has been observed as the extreme.

Adjoining seas, like the Caribbean and the Mexican, have for their
minimum temperature the temperature of the bottom waters of the straits
connecting them with the ocean, which, in the case of the seas mentioned, is
394° F. In the Mediterranean Sea, which has no inflowing cold waters, the
temperature below 600 feet is at all depths 54° to 56° F. The inflow at
the Straits of Gibraltar is of surface Atlantic waters, and, in consequence
of the very abundance of evaporation from its surface, the amount of it is
more than that of the outflowing, more saline and therefore heavier, Medi-
terranean waters.

ATMOSPHERIC CURRENTS AND TEMPERATURE. MOoIST REGIONS
AND DESERTS.

(1) Heat-conditions of the atmosphere. — The amount of heat absorbed by
the atmosphere from the sun’s rays depends largely on its density or the baro-
metric pressure. It is therefore greater at the sea level, where the pressure
has a mean of 29-8 to 30 inches, than at any elevation above it over the land.
It is least at the tops of the mountains, and greatest in depressions below
tide level, like that of the Dead Sea, 1390 feet below, and the Caspian,
84 feet below. The land surface receives and gives out heat, and is an
important source of heat to the air which derives in this way two thirds of
its temperature, the rest being due to absorption of the sun’s rays. The
waters of the ocean also absorb heat, but this takes place slowly; the heat
largely becomes latent, and it is also distributed below by convection; hence,
under the same exposure, it gives much less heat to the atmosphere than a
land surface. Moreover, lands in the colder latitudes and at heights become
covered with snow, while the ocean has no ice-covering except near coasts
in polar latitudes.

DANA'S MANUAL — 4
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An increase of density from an addition of carbonic acid would increase
proportionally the amount of heat absorbed, the absorptive power of this
gas being 90 times that of the atmosphere. The presence of aqueous vapor
also increases the absorptive power.

The winds are a means of distributing heat and moisture, and thus tend
to equalize the temperature of the globe. But, at the same time, they make
local areas of extreme heat and cold, of extreme precipitation and dryness.

(2) Surface movements of the winds. — For theoretical views and details
on this subject, reference should be made to meteorological treatises, the
remarks here being confined to a few general facts. They illustrate well
the dependence of effects on the east-west characteristics of the earth derived
from its rotation. )

In general, the courses of the winds are nearly coincident with those of
the great oceanic currents, and it is held by many that the winds are the
motive power of the currents. In the tropics, the prevailing course of the
winds is from the eastward (these winds being called the trades), and in
the higher temperate latitudes from the westward. There is a tendency to
calms (1) along the equator; (2) in mid ocean between the parallels of 25°
and 35°; and (3) about the poles; but the equatorial area of calms is some-
times in part a region of a counter-current.

The trades strike the east side of the continent, and then, bending away
from the equator, curve around to become the westerly winds. And the
reverse is true for the westerly winds; but where they strike the west side
of a continent, only part of the wind may be deflected toward the equator
and the rest curve around poleward; and when so, the former gradually
warms up, since it goes toward warmer regions, and the latter loses heat
because going into higher latitudes. These two parts vary in their rela-
tive amounts or force according to the trends of the coast-lines or form of
the land.

The Indian Ocean makes an exception under the system, because the
region there existing to the north of the equator is occupied by a continental
mass, Asia, which pushes the circuit to the south, the winds that blow there
from the eastward corresponding to the trades of the other oceans.

(3) Distribution of moisture. — The capacity of air for moisture — that is,
its power of taking up moisture without a loss of transparency — varies with
the temperature. When saturated, a loss of heat causes condensation, and
thence, mist, clouds, rain. On the contrary, an increase of heat increases
capacity for moisture, and the wind, instead of dropping moisture, gathers
moisture from the surface it passes over.

In the south Pacific the wind from the west is a cold wind, charged with
moisture derived from the ocean; as it divides on striking South America it
becomes in its northern branch desert-making, in its southern, rain-giving.
The branch going north passes into regions of increasing warmth, and the
vind gathers up the moisture beneath and makes the desert region of
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Atacama, and a dry shore region northward through Peru; while the branch
going southward, which encounters increasing cold, makes one of the wetter
areas of the globe, Valdivia having an annual rainfall of 115 inches. The
same effects of the two branches are produced on the western border of
North America, the western border of north Africa and Europe; in western
south Africa; in western Australia. (See Rainfall map by E. Loomis,
Amer. Jour. Sci., I11., xxiii., 1882.)

On the contrary, the wind from the east over the tropics is a warm wind
charged with moisture. After striking North and South America it bends
away from the equator into cooler latitudes, and makes a great moist region
of eastern North America, and of eastern South America, with excessive
moisture over large areas; and the position of the higher mountain range of
America, far toward the western border, lays open the whole interior to the
moisture, The trade winds produce a similar effect on the eastern side of
Eurasia and Australia, making the border of China one of the wet regions
of the globe, and so also a narrow mountain border for Australia.

Mountains have cold summits, and consequently are great condensers of
moisture. They therefore take a prominent part in the above mentioned
system of results, and also produce local effects in other regions.

The first high cold land struck by the winds takes a large portion of the
moisture out of them and leaves less, or little, for the region beyond. And
thus robbed, even the trades may become dry winds. The contrasts are well
shown on the opposite slopes of the Hawaiian mountains —the eastern
receiving much rain from the trades, the western getting almost none. For
the same reason the interior of North America is relatively dry, the amount
of precipitation over the Atlantic border being 40 to 50 inches a year, and
in the interior 20 to 40 and less. So it is also with the interior of South
America as compared with the coast region to the north; and Sahara, begun
in northwestern Africa, stretches across the continent. The great Desert of
Gobi is thus shut off from sea winds, and winter winds blow from it instead
of into it. The higher ridges along the Rocky Mountain summit raise
locally the amount of precipitation, but it falls off again over all the western
slopes, and continues very small to the Sierra Nevada, averaging less than
10 inches a year over a broad belt from the Great Salt Lake region to the
Gulf of California.

It is apparent from the facts which have been presented that the conti-
nents have derived many of their individualizing characteristics, their several
diversities of surface, climate, and life, from the disposing influence of the
earth’s rotation. This is strikingly apparent in the existing flora and fauna,
briefly described in the following pages; it becomes still more evident after
a review of the succession of faunas and floras in the earth’s history in
which the individual features of each continent are traced back far toward
‘“the beginning.”

The great truth is taught by the air and waters, as well as by the lands,
that the diversity about us, which seems endless and without order, is an



52 PHYSIOGRAPHIC GEOLOGY.

exhibition of perfect system under law. If the earth has its barren ice-fields
about the poles, and its deserts no less barren toward the equator, they are
not aceidents in the making, but results involved in the scheme from its
very foundation,

V. GEOGRAPHICAL DISTRIBUTION OF PLANTS AND ANIMALS.

The geographical distribution of plants and animals is dependent on both
physical and biological conditions.

1. Temperature has universal influence. Species are usually confined
within narrow temperature limits. They differ therefore in the different
zones from the equator to the poles, some having a range of only a few
degrees, and others of half a hemisphere. They differ also with the height
on passing from the sea level to the limit of life (the limit of perpetual
snow) about the summits of the highest mountains, or even higher, as
regards Microbes or Bacteria, the lowest of eryptogamous plants, the only
kinds having the range of the world. They also differ as we descend in
the ocean.

2. Light is another universal cause. Some species need for successful
growth and reproduction the direct rays of the sun; others are confined to
shady places, dark places, and very dark places, like caves; some to the surface
waters of the ocean, because of the light that penetrates them, and others
to dark depths. A lawn will have a rich surface of grass in the sunshine,
and become full of weeds under the shade of a tree, because the weeds
flourish in the shade, while the grass dwindles and becomes crowded out;
and in such a case fertilizers may help only the weeds instead of the grass.

3. Difference in pressure. — This cause also is universal in its action, but
very feeble in its etfects. The atmospheric pressure near the earth’s surface
diminishes about one pound per square inch for each 1900 feet of ascent, or,
approximately, three pounds for 6000 feet. In the ocean, the pressure in-
creases at the rate of about one pound per square inch for each 2:2 feet of
descent, or 2750 pounds for 6000 feet or 1000 fathoms, and 11,000 pounds for
24,000 feet.

But marine species readily become adapted to all pressures, as the outside
water penetrates them. Twenty-six fishes are known to have a range of 5400
feet, and some macrural Crustaceans a range of more than 12,000 feet. The
Shrimp, Sergestes mollis, for example, ranges from 2238 to 17,694 feet.

But after a sudden change, or when brought to the surface in a dredge,
a fish presents “a most disreputable appearance,” the swimming bladder
protruding from its mouth, the eyes forced from their sockets, and the scales
fallen off (A. Agassiz).

4. Differences in moisture and dryness of climate are great sources of lim-
itation in the range of species. Differences in soil have wide influence ; for
a soil must contain the materials essential to a plant’s growth before it will
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grow in it; and what is good for one is bad for another. Rocks favor
certain plants; and, in some instances, differences in rocks adapt them to
different species of Lichens and Mosses. As the composition of the air,
earth, or water varies, the inhabitants differ, what is death to one being
life to another.

The general principle that all living species must have food and just the
food they need, or die, is one of the foundations for the differences in lim-
itation under all the causes above mentioned. Geological changes that vary
these conditions have therefore been a great means of determining distribu-
tion, by varying temperatures, climate, and land level ; by varying soils and
converting deserts into dry land, marshes, or seas by joining lands through
change of level, so as to favor or compel migration; or sinking them, to the
extermination of species. In addition, as Darwin has shown, the changes
brought about in the associations of species, in these ways and through their
mutual dependence as to food and all necessities, have been other ceaseless
causes of variation in distribution. Those continental lands that are most
isolated, like Australia and South America, have, for the reasons mentioned,
and others, the largest number of peculiar species, and hence the most
homogeneous population.

BRIEF REVIEW OF DISTRIBUTIONAL FACTS OF GEOLOGICAL INTEREST.

TERRESTRIAL SPECIES.

1. Plants.

Plants of the land spread to all heights, even above the snow-limit. Among Cryp-
togams, Ferns and Lycopods flourish in all latitudes from the equator to the polar lati-
tudes ; but Tree Ferns, not beyond the parallel of 35°. Under the warm moist climates of
tropical and warm-temperate latitudes, Ferns and Lycopods grow in greatest numbers and
luxuriance. Palms have their limit in South America in latitude 36°, in North America
and Australia in 35°, and in Asia in 34°; in Europe one species, Chamaerops humilis,
extends as far north as latitude 44°.

The Conifers range through all zones. The Yews, as Salisburia, live in warm-temper-
ate latitudes, But the subdivision of Cycads is confined to tropical and warm-temperate
latitudes. They occur in southern Asia, Japan, the East Indies, Madagascar, Australia,
southern Africa, and tropical America, including Mexico and the West Indies.

2. Animals.

Australian characteristics. — Australia, although near the East India Islands, is
remarkable for the absence of all ordinary or placental Mammals except Bats of the genus
Pteropus, Rats, and Mice. Instead, it has a large population of Marsupial Mammals, the
diversified types of ordinary Mammals being represented under the Marsupial or pouched
structure. Wallace, in allusion to the diversity among them, says (Geogr., i. 391):
‘“Some are carnivorous, some herbivorous; some arboreal, some terrestrial ; there are
insect-eaters, root-gnawers, fruit-eaters, honey-eaters, leaf or grass-feeders. Some are like
wolves in habits, others like marmots, weasels, squirrels, flying-squirrels, dormice or jer-
boas. All are members of one stock, and have no real affinity with the Old-World forms,
which they often outwardly resemble.” Besides Marsupials, which are sometimes called
semi-oviparous, there are the still inferior Monotremes, the Duck-bill and Echidna, both
of which are strictly oviparous, although true Mammals inasmuch as they suckle their
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young. The Australian region (which includes also New Guinea, Celebes, and some
islands just west) has also numerous Amphibians, more, says Wallace, than any other
continent except South America, and but few Reptiles. It is also noted for its number of
species of Pigeons, two fifths of all that are known being confined to it; for its King-
fishers, the fauna embracing three fourths of all kinds living ; for Birds of Paradise, Lyre
Birds (the Menurids), its many Parrots, those of the Australia-Malay area comprising
176 species ; and under the Ostrich type, its Cassowaries (genus Casuarius) of 11 species,
and Emeus (Dromseus) of 2 species.

New Zealand, which is also a part of the Australian region, has 2 Bats for its only
Mammals ; the Apteryx, among its Birds; a single Frog among Amphibians; a dozen
Lizards ; a Reptile of palzic characteristics, the Hatteria or Sphenodon, which has but 1
species (S. punctatum), the last of an otherwise extinct tribe, the Rhynchocephalide. Ttis
very poor in Insects, having only 11 species of Butterflies, with about 300 Coleopters
(Wallace). Besides these, there were, one or two centuries or farther back, the now
extinct birds, Dinornis, Palapteryx, and many others of Ostrich-like character. On
Chatham Island, 500 miles east of New Zealand, but within what may be called New Zea-
land seas, there have been found the remains of a flightless bird akin to those of New
Zealand.

The Oriental region, including India and eastward to southern Japan, with Swumatra,
Java, Borneo, etc. — This tropical region, directly north and northwest of the Australian,
is wonderfully different from it. There are no Marsupials or Monotremes; but instead
Mammals of other kinds, Man-apes, as the Orang-outang, and Lemurs, Lions, Tigers,
Hyenas, Bears, Elephants, Rhinoceroses, Manis among Edentates, and among Reptiles,
Crocodile and Gavials.

The African or Ethiopian region, including the part of Africa south of the Atlas
Mountains, with Madagascar and the Mascarene Islands. — The Ethiopian region com-
prises in its fauna the Hippopotamus, Rhinoceros, Camelopard, Elephant, Lion, Hyena,
a characteristic type, Hyrax, Horses (Zebras), the Orycteropus and Manis (Ant-eaters)
among Edentates ; the Hedgehog among Insectivores; Anthropoid Apes, as the Gorilla,
besides other Quadrumana (all of which have 32 teeth, like Man), and also many Lemurs ;
but no Camels, or Bears, or Deer, or Oxen, or species of Sus (Pig). It has among its
Birds two species of Ostrich of the genus Struthio.

Madagascar not long since had its Kpyornis, related to the Dinornis of New Zealand
and the Mascarene Islands, the Dodo (Didus ineptus), and other birds now extinct.
Madagascar is noted also for its Lemurs, of which there are 35 species.

The South American or Neotropical region, comprising South America, the West
Indies and Central America, and Mexico. — The Neotropical region is remarkable for the
number of peculiar families and genera. They embrace Monkeys with prehensile tails,
that have a molar tooth more in each jaw than those of Africa; Tapirs; Llamas, Vicuiia
and Guanaco, of the Camel family ; Dicotyles, or Peccary, among Wild Boars; Ant-
eaters, Sloths, and Armadillos among Edentates; Marsupials, in which it is related
to the Australian region. Among Birds, there are in America all the Humming Birds of
the world, some 400 species in more than 100 genera, having a range from Patagonia
to Sitka ; Parrots, nambering 141 species ; Toucans ; the Rhea, of the Ostrich family —a
family confined to the three southern continents, Australia, Africa, and South America ;
among Reptiles, Alligators, Crocodiles, and many Amphibians, being next to Australian
in their number and variety ; and among Fishes, the Lepidosiren, related to the Dipnoi
of Africa and Australia.

Within this region the West India Islands are remarkable, like some of the Hawaiian
Islands in the Pacific, for the number of their land-shells, numbering 608 species of

Operculates and 737 of Inoperculates. The number of the former in South America is
151, of the latter 1251.
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The Nearctic region, or the North American, from Mexico northward, excluding the
West India Islands. — Of peculiar types there are among Mammals the Marsupial of the
genus Didelphys, successor to genera that extend far back in American geological history ;
among Reptiles, which, however, are more properly neotropical, the Alligator; among
Fishes, the Ganoids, which extend south to Mexico and Cuba; the Humming Birds, (only
six) ranging up from South America; and the fresh-water Mollusks, in which this region
‘¢ surpasses all other parts of the globe.”

The Palearctic or Eurasian, north of the Atlas Mountains of Africa, and including
Persia, the region of the Himalayas and northern Japan.— This great region has its
Monkeys of the African genus Macacus at Gibraltar and north Africa, in Tibet and
north China; its Camels, ranging from Sahara to Mongolia and Lake Baikal; Horses
(Asses) ; its Bovide (Cattle), of which there are more kinds in the Old World than in the
New ; the Hyrax, a genus occurring in Syria as well as in Ethiopia ; the Beaver ( Castor
Jiber), near the Castor canadensis of North America.

AQUATIC SPECIES.

Contrary to old ideas, the bottom of the ocean abounds in life through all depths, down
to 3000 fathoms, and has its species even to a much greater depth. And along the
bottom, from Arctic to Antarctic seas, there is a highway nearly as broad as the ocean,
where the temperature is not above 40° F. or below 28° F., and by this highway species
befitting those depths can migrate the world over.

Limitation in distribution along shores depends much on the kind of bottom, whether
rocky, or sandy, or muddy; on the quality of the water, whether pure or impure, or
encroached upon by fresh waters from the discharge of rivers. But the two chief
sources of limitation, both along shores and throughout the depths, are temperature
and amount of light.

The surface distribution of temperature, as illustrated by the temperature chart, has
been explained on page 45. The isothermal line of 68° is the boundary of the coral-
reef seas. Within the area, and for the most part between the parallels of 29° north and

_south, the reef-making Corals abound. Part of the species require its warmer portions;
the hardier extend to its borders. By following the outline of the area it may be seen,
where reef Corals can grow, and from what coasts of the Atlantic and Pacific reefs they
are excluded by the coolness of waters; and also why the Bermudas are within the coral-
reef limit, although situated in latitude 321° N.

It will also be observed that inthe Atlantic Ocean the meeting of the isotherms of
56°, 62°, and 68° at Cape Hatteras signifies that two temperate zones, the temperate and
subtemperate, which have great expansion on the European side of the ocean, and even
include the whole Mediterranean Sea, with its very abundant life, are wholly excluded
from American waters because of the meeting at that point of the Labrador and Gulf-
Stream currents (page 46), and thereby of zones of Labrador and Gulf-Stream species.
The chart thus explains many strange facts in the distribution of the life along the
borders of the ocean. ’

The second cause of limitation is the amount of light, as explained by Fuchs. It has
its effects at 120 to 180 feet, and more marked at 420 to 480 feet. The greatest depth at
which gelatine bromide photographic plates were sensible to light in experiments in the
Gulf of Nice was 400 meters (1312 feet); 350 meters for eight hours of the day; 300
meters from sunrise to sunset; and in Lake Geneva, the greatest depth 200 meters (Fol
and Sarrasin). It is generally held, however, that there can hardly be a total absence of
light, even at abyssal depths, since, while many animal species are blind, or have eyes
excessively large or excessively small, many others have them of normal size and struc-
ture. The phosphorescence of various species among Fishes, Crustaceans, Annelids,
Ophiurans, Ascidians, Gorgonias, Antipathes, Meduse, as well as Infusoria, may be all
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there is of light at abyssal depths ; but this is not probable. Murray observes that the
eyes of the Fishes are in general unusnally large at depths of 480 to 1200 feet; but
beyond this depth, small-eyed species as well as large-eyed are common, and many also
are blind.

The Littoral zone. —By means of light, rather than temperature, the limits of the
Littoral zone are determined. Reef-forming Corals, and therefore coral-made reefs, have
their limit in depth at 120 or 150 feet in the equatorial regions, and at 90 to 96 feet near
the border of the coral-reef seas; and since the temperature of 68° F. in the tropics is
usually 600 feet below the surface, light is made, by Fuchs, to be the chief cause. A
vast variety of species are congregated under like limitation, the coral-reef seas being
‘ the gathering grounds of an extremely rich fauna,’” says Fuchs, and one so peculiar that
the terms coral-fishes, coral-mollusks, and the like, would not be inappropriate ; a fauna
that embraces ‘¢ the whole splendor of the animal life ** of the Indian and Pacific oceans.
Within this Littoral zone belong, moreover, the areas of large Bivalves, such as Oysters,
Pearl Oysters, Scallops, which have their maximum development in from 48 to 60 feet,
and are not found below 120 feet.!

The seaweed areas reach to a depth of 30 fathoms, or about 200 feet. Plants are
dependent on light for assimilation, and hence comes this narrow limit for the aquatic part
of the vegetable kingdom.

The Fucoids and strap-like Laminarians, or the brown and olive Seaweeds —related,
it is supposed, to the Seaweeds of early time, when no seas were colder than those of the
modern temperate zone — live now on most shores from the tropics to the poles, and attain
their greatest size in the colder latitudes.

The only deep-water plants thus far observed are Corallines at 900 feet, and small
Alge, found to bore into corals that came up, according to Duncan, from a depth of 6000
feet.

The depths. — Below 420 to 480 feet are the regions of darkness. They are divided
locally into two sections, @ warm and a frigid, by the Gulf Stream and other tropical
currents. The depth to which the warm waters of this stream extend along the borders
of the Atlantic basin, and thence across the ocean to Great Britain, are mentioned on
page 5. Where these waters wash the sides of the Atlantic basin from Florida north-
eastward, there is a profusion of life of all marine kinds; and the same is true for the
area within the British sea.

The cold belt passes close by the western side of the warm belt off New Jersey and
Nantucket. The commingling of the two in a storm is stated by Professor Verrill (1882)
to have probably caused the extermination — only temporary, it has proved —of a large
food-fish, the Tile-fish, of the genus Lopholatilus, which was caught abundantly by a Fish
Commission expedition in 1881 off Nantucket with a trawl at a depth of 420 to 900 feet.
During the following winter great numbers of the dead Tilefish were seen by passing
vessels, floating at the surface; and in the dredging of 1882 over the same area not one
was obtained ; and many other species dredged in 1881 were missing in 1882. In 1890
the Tile-fish was again found. .

The bottom of the ocean through all its depths is constantly receiving contributions of
the hard parts of its living species, from the bones of Whales and Sharks to the siliceous
shells of Diatoms, and the calcareous of Rhizopods. It is often difficult to determine for
the smaller species whether they are denizens of the dark depths or of more superficial
waters. Most of the pelagic species that are found abundantly at the surface of the
ocean during the dark hours of the night, and may then be easily taken with a hand-net,
go to greater depths during the day, showing that they are really part of the fauna of the
darkness. Pelagic species, according to Agassiz, are mostly confined to within 1200 feet
of the surface.

1J. Fuchs, Geol. Verhandl. Reichanstalt, No. 4, 1882; Ann. Mag. N. Hist., January, 1883,
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Oceanic species include a large part of Diatoms or silica-secreting microscopic plants.
They live near the surface, requiring light like other plants, and are forced to keep near

the surface by the bubble of oxygen
they give out in assimilation. They
abound especially in the southern At-
lantic, and great areas over the bottom
are covered with a Diatom ooze or soft
mud.

The Foraminifers, or calcareous
Rhizopods, are solely salt-water spe-
cies. They in part.live near the sur-
face, if not altogether. These abound
in many seas, excepting the more frigid,
and make by their accumulation at the
bottom the Globigerina ooze, even to
depths of 174,000 feet. Maury, al-
luding to the dropping to the ocean’s
bottom of the Foraminifers, says:
“The sea, like the snow-cloud with
its flakes, in a calm is always letting
fall on its bed, showers of microscopic
shells, and all pelagic life adds to the
showers.”’

Radiolarians, or siliceous Rhizo-
pods, occur only in salt water. They
are abundant in some localities in the
central Pacific, at a depth of 15,000
feet and less. They make a Radio-
larian ooze. A Radiolarian deposit on
the Barbadoes is supposed to indicate
an elevation of the sea-bottom of 1000
to 2000 feet.

Siliceous Sponges occur in the
ocean at various depths to 15,000 feet,
and from warmer temperatures to
40° F. The Hexactinellids are most
abundant at depths of 80 to 100 fath-
oms, at which depth the Euplectella
(Fig. 29) was obtained near the Philip-
pines, in waters at a temperature of
59° F., and near Cebu, of 69° F. For
figures of a number of Sponge Spicules
see page 432. The Choristid Sponges
occur down to 16,200 feet, and the
Lithistids to 900 feet. The Sponges
with calcareous spicules or skeleton
are also widely distributed. Both the
calcareous and siliceous also occur in
shallow waters, fresh and salt.

The ordinary or the Aectinozoan
Corals are all marine. Solitary kinds

Euplectella speciosa, or Glass Sponge.

extend to great depths, and one species, Bathyactis symmetrica, has a vertical range
from 180 to 17,400 feet (Moseley). They are, therefore, species of all temperatures and
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degrees of light or darkness. Of reef-making Corals, or those that grow in plantations,
an account has already been given.

Echinoderms are solely marine species, and they are found at all depths and tempera-
tures. Crinoids of the genus Pentacrinus (Fig. 30, page 58), and allied to Liassic kinds,
with species of Rhizocrinus, Bathycrinus, etc., live at depths above 100 fathoms to below
1000, many where the temperature is below 40° ¥. Sea-urchins (Echinids) of the Cidaris,
Diadema, and Ananchytes families, related to Cretaceous types, occur at similar cold
depths. A. Agassiz states that the deep-sea fauna of the West Indies includes 5 Jurassic
genera of Echinids, 10 Cretaceous, 24 early Tertiary, and 4 of the later Tertiary.

Brachiopods of the Terebratulid type, much like Oblitic and Cretaceous forms, occur at
all depths, down to 18,000 feet ; and Discina, from the surface to cold depths exceeding
12,000 feet, but the most below 3000 feet ; Crania, at 600 to 1200 feet. Lingula occurs in
shallow waters. Species of the genera Atretia, Discina, and Waldheimia and others occur
beneath the Gulf Stream at depths of 9000 to 9600 feet.

Under Mollusks: Pteropods are pelagic species, and live mostly near the surface.
Their shells occur in large numbers in the bottom deposit at depths mostly from 600 to
1500 fathoms in the West Indies and some parts of the Pacific.
The form in Fig. 31 of a Mexican Gulf and Atlantic species
is much like that of many ancient Pteropods. Deep-sea
Gastropods are usually small. The genus Pleurotomaria has
only four living species known ; and P. Adansoniana lives at
a depth of 1200 feet. Trigonia is a shallow-water genus. The
Nautilus, the last of the Cephalopods having external shells,
is restricted to tropical and sub-tropical seas.

Among Worms, the Serpulide occur at great depths,
species having been obtained by the ‘¢ Challenger’’ at depths
of nearly 18,000 feet. '

Some of the abyssal species of Crustaceans have been
shown to range from pole to pole. The large spiny crabs
of the genus Lithodesare probably among them. One of the
species, L. Agassizii, from a depth of 1000 fathoms under-
neath the Gulf Stream, is reported by Verrill (1884) as over
three feet broad. Many of the deep-sea Crustaceans, accord-
ing to S. I. Smith, are remarkable for the large size of their
eggs. In some of the Eupaguri (Soldier-crabs), the eggs are
8 times the usual size (volume).

The only surviving species of the Trilobite and Eurypterid
line are two of the genus Limulus, —one in eastern North
America, and the other in the China seas. Crustaceans are
found mostly at depths less than 3000 feet; 2 only out of
100 Brachyurans dredged off the United States were from
depths greater than 3000 feet; but 30 out of 60 Macrurans
were from greater depths, 13 of them from below 6000 feet,
and some at depths of 12,000 feet; and one gigantic blind
species, Phoberus cecus, is over 2 feet long. One Isopod,
Bathynomus giganteus, occurs eleven inches long; in com-
pensation for dark depths it has compound eyes comprising
4000 facets (Milne-Edwards). Pteropod, genus Styliola. x 5.

Fishes. — The existing Ganoids — Sturgeons included — A. Agassiz.
live only in fresh waters, and are confined to America, Africa,
and Australia. North America has 3 species of the genus Lepidosteus, and Africa 2 of
Polypterus ; and of the related Dipnoi, which are, as the name implies, two-way breathers,
they having lungs as well as gills, Queensland, northern Australia, has 2 species of Cera-
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todus, and South Africa has 1 species of Protopterus: in all not a dozen species of a tribe
that was once very prominent. Pelagic fishes occur at all depths to nearly 18,000 feet.
The ¢¢ Albatross’’ brought up a Cyclothone from a depth of 17,694 feet (Agassiz). The
species of the deeper waters are described as having the bones feebly calcareous, being
slender and loosely connected, and some species will take in a fish for food three times as
large as themselves. Many kinds are phosphorescent.

Cestraciont Sharks, once very numerous in species, are now but 4 in number, and all
are of one genus, Cestracion. These are confined to the coast regions between Japan and
Australia or New Zealand. The type has therefore nearly reached extinction.

From the facts reviewed with regard to marine life, it is apparent that the knowledge
of depths and temperatures of living species affords little help for conclusions about the
habits of ancient species. Many of the tribes that were represented by warm-water
species and those of shallow seas, have now species that have become accustomed to great
depths and cold temperatures. Modern Brachiopods are no criterion for the ancient ; nor
modern Crinoids, nor modern Corals.

Hot-water Life.

In the north point of Owen’s Valley, California, according to Dr. H. C. Wood (4dm.
Jour. Sci., 1868), at 120° F., and also at 160° F. (as learned from Mrs. Partz), occur Algz,
some growing to a length exceeding 2 feet. The species is named Nostoc calidarium. At
the Hot Springs (‘¢ Geysers’’), on Pluton Creek, California, Professor William H. Brewer
observed Conferve in waters heated to 140°-149° F., and simpler Alge where the tem-
perature was 200° F. At the same place, Dr. James Blake found 2 kinds of Confervae
in a spring of the temperature of 198°, and many Oscillatorize and 2 Diatoms, in one of
174°. 1In the waters of Pluton Creek, of 112° F., the Algz formed layers 3 inches thick.
Dr. Blake also collected 50 species of Diatoms from a spring in Pueblo Valley, Nevada,
the temperature being 163° F.; and they were mostly identical with those of beds of
infusorial earth in Utah. At San Bernardino, California, William P. Blake found living
Conferve in water at a temperature of 130°. At Camiguin Island, east of Cebu, Moseley
found living Algee at 1131° F. ; and W. T. T. Dyer has reported that Oscillatoriee have
been observed growing at 178° to 182° F,

The various hot springs of the several Geyser Basins, in the Yellowstone National Park,
contain very various Confervoid forms. The hottest springs, up to 200° F., contain numer-
ous long, slender, white and yellow vegetable fibers, of undetermined relations, waving in
the boiling eddies, and becoming buried in the siliceous deposits over the bottom, where
they often form layers several inches thick. The bright green forms appear to be confined
to lower temperatures. W. R. Taggart reports that, at the vents on the shores of Lewis’s
Lake, leafy vegetation is limited to temperatures below 120° (Hayden’s Reports, 1871-2).
Dr. Josiah Curtis found, in these hot springs, siliceous skeletons of very numerous Dia-
toms ; but the vegetable matter was wanting in all cases where the temperature exceeded
96° F. So many different causes might introduce these skeletons to the hotter pools, that
their presence has not necessarily any more significance than that of the Grasshoppers and
Butterflies which are frequently found in the same pools.— Of animal life, living larves
of Helicopsyche were found, by Mr. Taggart, in a spring having the temperature of 108°,
into which, however, they might have crawled from the river, which was close by ; so that
the eggs were not necessarily laid at the temperature given.

At Bafios, on Luzon, Philippine Islands, the author observed feathery Conferva in
waters heated to 160° F. In springs in the Pass of Chivela, having a temperature of
98° ¥., the United States Exploring Expedition of 1872 found Fish; and, according to
Mr, James Richardson, Fish occur in springs in Marocco having a temperature of 75° F.

On the subject of the geographical distribution of animals, the most important works
are Wallace’s work in 2 volumes under this title, and his Island Life; and on North
America, J. A. Allen, 1892, Bulletin American Museum, New York.
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STRUCTURAL GEOLOGY.

THE earth, separate from its water and air, — that is, the lithosphere, as it
is sometimes called, —is made up of rock-material, and the portions, whether
masses or beds, which come under geological study, are termed terranes.
Structural Geology treats of the mineral constituents of terranes; of the
rocks which the minerals form; and of the structure and general arrange-
ment or positions, and other characteristics of terranes. Some terranes,
though unconsolidated, in a general way come under the head of rock-
deposits ; for consolidation is an incident that may or may not take place.

The subdivisions of Structural Geology as here adopted are : —

I. Rocks: their constituents and kinds.
II. Terranes: their constitution, characteristics, positions, and arrange-
ment.

I. ROCKS: THEIR CONSTITUENTS AND KINDS.

THE ELEMENTS, AND THEIR SIMPLER COMBINATIONS.

The number of elements, or substances, not yet shown to be compound,
that have been obtained from the earth’s rocks and minerals is 70. Of
these, oxygen, nitrogen, hydrogen, chlorine, and fluorine, at the ordinary
temperature and pressure, are gases. A few facts are here stated respecting
the elements of most geological importance.

Ozygen. — Oxygen is the most abundant element. It constitutes 8889
per cent by weight of water, 21 of the atmosphere, and about 50 of all other
material in the earth’s structure. It owes its importance in nature to the
intensity of its chemical attraction for nearly all the elements. Ordinary
combustion of wood, coal, or gas is due to the combination of its elements
with oxygen; and living growth is dependent on the same process.

Combined with (1) kydrogen, oxygen forms water, H,O ; with (2) potassium
(called also kalium), potash, K,0; with (3) sodium (natrium), soda, Na,0;
with (4) lithium, lithia, Li,0; with (5) calcium, lime, CaO; with (6) magne-
sium, magnesia, MgO; with (7) iron (ferrum), the two oxides, FeO and Fe,0,;
with (8) aluminium (the metallic base of clay), alumina, ALO;; with (9)
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carbon, carbon dioxide (or carbonic acid), CO,; with (10) silicon (the name
from the Latin silex, flint), silica, SiO,.

These and other essentially stable oxides are the chief constituents of rock-
making materials. They are in strong contrast with the compounds that
make up organic tissues, or those of plants and minerals. These contain,
along with the oxygen present, carbon, hydrogen, nitrogen, and generally a
little sulphur and phosphorus, elements that have a strong affinity for
oxygen, but they are associated with too little oxygen to satisfy their affini-
ties, and, moreover, all are under a degree of restraint from the living
conditions. When these conditions are removed at death, ordinary chemical
affinities rule, and oxides are formed out of the elements of the tissues, and
of outside as well as inside oxygen — CO,, CO, H,;0O being the chief products.
If outside oxygen is mainly excluded during the decomposition, hydrocar-
bon compounds form, or those that constitute mineral coal, oil, gas, and the
black or brown carbonaceous material that colors soil and many rocks; but
these on burning become mostly CO, and H,0.

Carbon. — Carbon is a prime element in living structures, as silicon is in
rock-making minerals. In its pure state, crystallized in octahedrons and
related forms, it is the diamond, the hardest of minerals. Crystallized in
six-sided tables or scales of a dark lead-gray color, it is graphite (or pluma
bago), one of the softest of minerals; often called “ black lead,” because it
leaves a trace on paper much like, but darker than, that of lead. Substances
having like composition, but different in crystallization, as diamond and
graphite, are called paramorphs. Charcoal is mnearly pure carbon, but
contains some hydrogen and oxygen; and the best mineral coal is only
75 to 85 per cent carbon. Carbon combined with oxygen, forming CO,, or
carbon dioxide, is given out in the respiration of animals, and is thus
contributed to the air, and by aquatic animals to the waters, and is a large
result, as before explained, of all decay. At the same time, it is the source
of carbon to the growing plant. Carbon dioxide has great geological
importance through its combination with lime (CaQ), producing calcium
carbonate, the formula of which is CaCO, (or its equivalent CaQ + CO,),
the material of ordinary limestone.

Silicon. — Silicon combined with oxygen, and thus making silica (Si0,),
constitutes the two minerals, quartz and opal. Quartz is the most abundant,
durable, and indestructible of common minerals. Silica also enters into
combination with various oxides, and thus makes silicates.

Of the oxides in these silicates, alumina, Al,O,, is the hardest, most
infusible, and most indestructible. Like silica, it is well fitted for a chief
place in the earth’s foundations; and next to silica it is the most abundant.

Silica combined with alumina alone, makes only infusible silicates ; but if
potash, soda, lime, magnesia, or the oxides of iron are present, the minerals
in general are fusible, and are, therefore, suited for the material of a melted
as well as of a solid globe.
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Sulphur. — The element sulphur has great importance in the mineral
kingdom, but more so in connection with the ores of various metals than
among ordinary rock materials. Sulphur is a common voleanic product.
Sulphur dioxide, or sulphurous acid (SO,), is abundant in the vapors of
volcanoes; and sulphur trioxide with water (SO;H,0), the so-called sul-
phuric acid, enters into combinations with other oxides, making sulphates.

Phosphorus. — Phosphorus forms an acid with oxygen, phosphorus pent-
oxide (C,0;), which combines with calcium and oxygen and makes calcium
phosphate, a chief constituent of bones, of guano, and of the mineral apatite.
There are also phosphates of iron, lead, copper, ete.

Nitrogen. — Seventy-nine per cent of the atmosphere is nitrogen, the rest
being oxygen. Nitric acid (N,0;) forms nitrates; common saltpeter is a
potassium nitrate. Nitrogen is an essential constituent of animal tissues,
and of fungoid plants, or those that are not green in color, as the mushroom;
and it is present also in the seeds and some other parts of higher plants.

Chlorine, Bromine, Fluorine, Boron.— Chlorine combined with sodium,
60-7 per cent to 29-3, forms common salt, of which the ocean is the great
depository. There are also among ores, chlorides of silver, lead, and copper.
Bromides occur in the ocean’s water and in some minerals. Fluorine is a
constituent of the common mineral, fluor spar or fluorite (CaF), and also
exists in the minerals, topaz, chondrodite, and a few others. Boron occurs in
boracic acid, in borax, which is a sodium borate, and in the mineral silicates,
tourmaline, danburite, and datolite.

THE CHIEF ROCK-MAKING MINERALS.

The following brief descriptions of minerals are intended as notes of refer-
ence. A sufficient knowledge of the subject for the geologist can be obtained
only by a special study of mineralogy.

1. Silica.

QuarTz. — Hardness 7 (not scratched with the point of a knife-blade). G=2-65.
Infusible and insoluble, but fusible to glass when mixed with soda and heated (quartz
sand and soda being constituents of common glass). No cleavage. Often like glass in
luster and transparency, but varying to dull and opaque, and
from colorless to yellow, red, purple, brown, black, etc. Often
in crystals like Figs. 32,! 33, the crystals, six-sided prisms
with pyramids at one or both ends; often closely covering
the surfaces with the pyramids. Composition: Silicon 4667,
oxygen 53-33=100. Common in massive forms, either glassy
or of various dull colors, and of little luster. The stones and
sand-grains of the fields and beaches are mostly quartz. This is )
due to the fact that nearly all other kinds of common stones are softer and get worn down
to earth before quartz. Among massive varieties : flint and chert are dull-lustered, with
usually a smoky or blackish color, but varying to yellowish, brownish, and other shades.

11In the figures of crystals O indicates the basal plane; I,I, the prismatic faces of the funda-
mental prism; and R, a face of the fundamental rhombohedron in rhombohedral forms.
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OparL. — Uncrystallized silica, a little less hard than quartz and of less density
(G=2-3), and having usually a greasy or waxy luster. Colors, white to milky gray, red,
etc. ; when showing internal colored reflections it is the gem, opal. Opal is identical
with quartz in composition, yet commonly contains some water ; it dissolves more readily
in heated alkaline waters. Here belongs the material deposited by the hot waters of
geysers, making the geyser basins (sometimes called geyserite) ; also the siliceous
secretions of Sponges, and the shells of Radiolarians, and of the minute microscopic plants
called Diatoms.

TripYMITE. — Pure silica of the density of opal, but occurring in minute thin glassy
hexagonal crystals, in obsidian and some other volcanic rocks.

2. Alumina.

SappHIRE OrR CoruNDUM. — Composition : Al,0,=oxygen 46-8, aluminium 53:2=100.
The crystals are the hardest of gems next to the diamond ; the blue transparent crystals
are sapphire, the red crystals, oriental ruby; and the coarser material when ground
makes emery.

3. Silicates of Aluminium and other Basic Elements.

Tur Frrpspars. — The feldspars are next in abundance to quartz. Luster nearly
like quartz, but often somewhat pearly on smooth faces. H=6}-7, or very nearly as hard
as quartz. Specific gravity 2-4-2:6. In general white or flesh-colored ; rarely greenish or
brownish. Crystals stout, never acicular. Differs from quartz in having a perfect cleav-
age in one direction, yielding under the hammer a smooth lustrous surface, and in another,
nearly as perfect a cleavage surface, the two inclined 84° to 90° to one another ; also in being
more or less fusible before the blow-pipe. Composition: Silica and alumina with either
potash, soda, or lime, or two or all of these combined. Contains, unless impure, no iron
or magnesia.

The group of feldspars includes several species differing in the proportion of silica

34. 35. 36. (the acid) to the other ingredients (bases), and in the

particular alkali (potash, soda, or lime) predominant,

’ u " but they graduate to some extent into one another. The
J kinds are as follows : —

‘ a Orthoclase, or potash-feldspar, is the most- common,

ﬁ The cleavage surfaces make a right angle with one

“ « Q another, whence the name, signifying cleaving at a right

angle; the form is monoclinic. Figs. 34, 35, 86, repre-

sent crystals of this species, the last a twin crystal; cleavage takes place parallel to the
faces O and it. Composition: Silica 64-7, alumina 184, potash 16-9=100.

The other kinds are triclinic in crystallization, and the cleavages make an oblique
angle with one another, of 84°—89° 44/, and hence they are sometimes called plagioclase,
from the Greek plagios, oblique.

Microcline. — Like orthoclase in composition ; but the cleavage angle differs 16/ from
90°, The chief distinctions are optical.

Albite. — A soda feldspar, named from the Latin elbus, white. When albite and
orthoclase occur together, albite is usually the whiter. Composition: Silica 686, alumina
196, soda 11-8=100. A little more fusible than orthoclase.

Oligoclase. — A soda-lime feldspar. Composition: Silica 619, alumina 241, lime 5-2,
soda 8:8=100. Fuses like albite.

Labradorite. — A lime-soda feldspar. Composition: Silica 529, alumina 30-3, lime
123, soda 4:5=100. Fuses easily, named from Labrador. Andesite is a species between
oligoclase and labradorite in composition, named from the Andes.

Anorthite. — A lime feldspar, Composition: Silica 43'1, alumina 36-8, lime 20-1=100.
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Fuses with much difficulty. The first four of the abcve species contain over 60 per cent of
silica, and hence are called acidic feldspars, while labradorite and anorthite are called
basic feldspars.

The following are a few other related silicates containing potash, soda, or lime : —

Levcite. —In white to gray trapezohedrons, like those of garnet (Fig. 44, page 66).
Occurs in some lavas, as those of Vesuvius. Composition : Silica 65-0, alumina 23-5, potash
21:6=100. Infusible.

NerueriTE. —In hexagonal prisms and massive ; luster of the massive, greasy, hence
the name elwolite from the Greek elaion, oil. Composition: Silica 44-0, alumina 33-2,
soda 151, potash 7-7=100. Fuses easily. Treated with hot hydrochloric acid forms a
jelly.

ScaroriTEs. — In square prisms with square pyramidal terminations, o
Fuses easily. Several species are here included. Wernerite has the com-
position : Silica 48-4, alumina 285, lime 181, soda 50=100. Meionite is
a lime-scapolite. Rl

SAUSSURITE. — A compact whitish uncrystalline mineral into which |
crystals of labradorite and anorthite are sometimes changed. Contains I ,
soda and has nearly the composition of labradorite. Has a higher specific
gravity than the feldspars, 2-9-3-5.

Tue Mica Grour. —The micas are cleavable into thin elastic leaves. Often used,
when transparent, in the doors of stoves and lanterns. Occurs colorless to brown, green,
reddish, and black ; and either in small scales disseminated through rocks — as in granite
—or in plates a yard in diameter. Contains silica, alumina, and much potash or soda,
like a feldspar, but besides these, in most species, magnesia and iron, which do not exist
in any feldspars. Fluorine is sometimes present. Some varieties resemble crystallized talc
and chlorite, from which they differ in being elastic. But hydrous micas are generally in-
elastic, and have also the greasy feel of tale. The more common species of mica are : —

Muscovite (Muscovy glass of early mineralogy). — Light colored to brownish, and
usually transparent in thin leaves. One variety afforded silica 46-3, alumina 36-8, iron
sesquioxide 4-5, potash 9-2, fluorine 0-7, water 18 = 99-3. 'Three to five per cent of
water are often present; and when 4 to 5 per cent, it is called hydromica (or hydrous
mica). Sericite and damourite are kinds of hydromica.

Biotite. — Color, usually black, rarely white. One analysis afforded silica 40.0,
alumina 17-28, iron sesquioxide 0-72, iron protoxide 4-88, magnesia 23:91, potash 857,
soda 1-47, water 1-37, fluorine 1-57 = 99-77. Another black mica, lepidomelane, contains
20 to 30 per cent of iron oxides.

Phlogopite. — A brown mica occurring in crystalline limestone in northern New York.

The following are other aluminium silicates often disseminated through crystalline
schists or slates: —

Scapolite.

Andalusite, var. Chiastolite. Staurolite,

Avparusite, CyaviTe (spelt also Kyanite), FIBRoOLITE, are alike in composition, con
sisting simply of silica 369 and alumina 63-1 = 100. They occur in oblong prisms, often
DANA’S MANUAL —5
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slender. Have H =6-7. Are infusible. Andalusite occurs in gray, stoutish, nearly
square, prisms (90° 48') which are often tesselated inside with white (then called chias-
tolite). Cyanite is commonly in long, bluish, bladed erystals; and fibrolite in rhombic
prisms and fibers, having a brilliant diagonal cleavage. N

StAUROLITE. — In rhombic prisms of 129° 20/, imbedded in slaty rocks. Usual colors,
brown to black. The crystals are often crossed as in Fig. 39, and hence the name, from
the Greek for cross. H = T7-7}. Composition: Silica 29-3, alumina 535, sesquioxide of
iron 17:2 = 100. Infusible.

TourMALINE. — Usually in three-sided or six-sided black crystals, having the luster
within, when black, like that of a black resin ; and it has no distinet cleavage, and thus
differs from hornblende. Figs. 40, 41 show two of the forms; and Fig. 42, the appear-

42,

41.

40.
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Tourmaline. Tourmaline.

ance of the crystals in the rock, which is often quartz. Besides black, there are also brown,
green, red, and white tourmalines. H = 7-71. Constituents: Silica, alumina, magnesia,
with fluorine and some boracic acid. Fusible, but fusibility varying much in varieties.

Gar~eT. — In crystals of the forms in Figs. 43, 44. H =61-7L. Colors usually red
to brown and black, rarely green and colorless; sometimes chrome-green. H = 6-7.
Consists of silica and alumina, with either iron, or lime, or manganese, and varying in its
characters according to composition.

EripotE. — In yellowish green to hair-brown prismatic crystals and masses. A peculiar
yellowish green color is most common. It has nearly the composition of an iron garnet.
G = 3-256-3'5.  Zoisite is a related mineral of ash-gray to whitish color, containing much
lime and little or no iron. Tt has high specific gravity, G = 8-1-3-4. Constituents as in
garnet.

Ipocrase.— In square prisms, of a brown to oil-green color.
H =6}. Composition: One kind, silica 373, alumina 16-1, iron

sesquioxide 37, lime 35-4, magnesia 21, iron protoxide 2-9,

E water 2-1 = 99-6. Fusible.
Toraz. —In rhombic prisms of 124° 17/, remarkable for
N cleaving with ease and brilliancy parallel to the base of the
Topaz. prism. Colors, yellowish to white, also brown. Two of the
forms of its crystals are shown in Figs. 45, 46. H =8. Con-
sists of silica 16-2, silicon fluoride 28:1, alumina 55-7 = 100. The amount of fluorine

present is a remarkable quality. Infusible.

45.
db\
I
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Zircox, Beryr, TiraNiTE (Sphene) are other anhydrous silicates. Zircon is a silicate
of zirconia; beryl (aquamarine when pale green and transparent), a silicate of alumina
and beryllia ; titanite or sphene, a silicate of calcium and titanium.

4. Silicates of Magnesium and Iron or Calctum, with Little or no Alumina and
no Water.

CurysoriTe. — Occurs in green glassy grains or erystals in basalt and related rocks,
and also paler green in rock masses. Also called olivine, and in France peridot. H =6-7.
Infusible. Composition of a common variety: Silica 414, magnesia 50-9, iron protoxide
77 = 100. A related mineral, fayalite, contains iron without magnesium, and is fusible,
The crystals often occur changed, partly or wholly, to serpentine.

CnoxpropiTE. — A yellow to brown magnesium silicate, containing fluorine, occurring
in crystalline limestones. A kind found in ejected masses of limestone at Vesuvius
is called humite.

HorxsLENDE (often called amphibole). — Occurs in prisms of 124° 30/ (which is
also the cleavage angle). Colors various, from black to green and white. The most
common kind in rocks is an iron-bearing variety, in black cleavable grains or in oblong
black prisms. Figs. 47, 48, and 49 represent common crystals, and 50 tufts of crystals
as they often appear in some rocks. The kind in slender green crystals or fibers is
called actinolite — a common form of its crystals is shown in Fig. 49 ; the white (a kind
common in crystalline limestones, and containing much lime), tremolite. The mineral

47. 48.

1 s
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is common in fibrous masses ; and, when the fibers are as fine as flax, it is called asbestos.
A common black hornblende consists of silica 48-8, alumina 7'5, magnesia 13:6, lime
10-2, iron protoxide 18-8, manganese protoxide, 1-1 = 100.

Pyroxexe (including augite). — Like hornblende in chemical composition and in
most of its characters; but the crystals, as in the annexed figures, 51, 52, instead of
being prisms of 124° 30/, are prisms of 87° 5/ or nearly (angle 7
on 7), and are often eight-sided from the truncation of the four
edges, as in Fig. 52. Pyroxene and hornblende are hence para-
morphs, being different in crystallization, but alike in composition.
Black and dark green pyroxene in short crystals is called augite ;
it is an iron-bearing kind, and is common in igneous rocks.

Ex~staTiTE. — Near pyroxene in cleavage angle, but prisms
orthorhombic. Infusible or nearly so. It is in part a silicate
of magnesium. When a silicate of magnesium and iron, it is often called bronzite; and,
if containing much iron, hypersthene.

51.

5. Silicates of Magnesium, etc., with Water.

Tarc.— Very soft, H=1. Crystallizes in flexible folia like mica, but inelastic ; also
massive-granular (soapstone or steatite); white and very fine-grained (French chalk).
Feels very greasy. Consists of silica 62-8, magnesia 335, water 37 = 100. Infusible.
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SerPENTINE. — Oil-green to blackish and yellowish green to greenish white ; massive
or fibrous ; often having the crystalline form of another mineral. H=3; feels somewhat
greasy. Consists of silica 43-48, magnesia 43-48, water 13:04 = 100. Mixed with lime-
stone it is verd-antique marble.

Tue CnrLorite Group. — Like green mica when crystallized, but inelastic ; usually
granular-massive ; of a dark green color, and greasy feel. Silica from 25 to 35 per cent
in the different species; the other ingredients are alumina, magnesia, iron, etc., with
12 to 14 per cent of water.

6. Silicates of Alumina Containing Water.

KaoLiNITE. — Pure white clay, derived usually from the decomposition of orthoclase
—the silica, alumina, and potash of the orthoclase changing to a compound of silica,
alumina, and water, by the loss of potash and gain of water in its place. Consists of silica
46-4, alumina 39-7, water 139 = 100.

Besides the hydrous micas, there are the common species : —

PiNiTE OR AGALMATOLITE. — A compact mineral, soapy to the touch, often resembling
a compact soapstone. Like serpentine and massive pyrophyllite, it is often cut into
images in China. Consists of silica, alumina, potash, and water.

PyrorPHYLLITE. — A mineral resembling talc in color, cleavage, and soapy feel when
crystallized, and like some fine-grained soapstone when massive. Consists of silica,
alumina, and water. It differs from talc in containing alumina in place of magnesia.

GLAUCONITE OR GREEN EarTH.— The material of the New Jersey marl, or Green sand
of the Cretaceous and other rocks. It is a soft, dark or light green silicate of alumina,
iron, and potash, with water.

ZEeoLiTEs. — Stilbite, chabazite, analcite, natrolite, prehnite, are some of the zeolites
(a word derived from the Greek for to boil, the species fusing easily with intumescence).
They are hydrous species, consisting of silica, alumina, lime or soda, and water.
Laumontite is another related hydrous silicate. They are common minerals in the
cavities of amygdaloid and some other rocks. Pectolite is a hydrous silicate of lime,
found in fibrons forms, under similar circumstances.

7. Carbonates.

Carcrire (or calcium carbonate), often called carbonate of lime. It is the material of
common limestones. H = 3, it being easily scratched ; and G = 2:715, when pure. Com-
position : Ca0,C = Carbonic acid 44°0, lime 560 = 100. When dropped in powder into
hydrochloric acid diluted with one half water, it ef-
fervesces strongly, giving off carbonic acid. The
annexed are some of the forms it presents when
crystallized. It cleaves alike in three directions,
making the angle 105° 5/ with one another (= R on
R in Fig. 53 A); the form, Fig. 53 A, is called a

rhombohedron. When crystallized, calcite is often
transparent and colorless. But the mineral occurs of
various colors from white to black, and the massive

Q%

§ kinds from translucent to opaque. All the common
marbles are limestones, either of this mineral species
i or the following, or mixtures of the two.

Dolomite (or calcium-magnesium carbonate). —
Resembles calcite so closely that the two cannot often

be distinguished except by chemical means. It constitutes many limestone strata, both
massive and crystalline. When dropped in powder into cold dilute muriatic acid, it
effervesces very feebly ; but on heating, a brisk effervescence is produced. Cleavage angle

@@Q
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106° 15/, and this, with crystallized specimens, is an important means of distinction.
Composition: Carbonate of lime 54+4, carbonate of magnesia 456 =100. Formula,
(3 Ca i Mg) O,C.

SipeRITE (iron carbonate). — A valuable ore of iron, sometines called steel ore. Crys-
tallizes and cleaves like the preceding, but much heavier. G =3:7-39. Color white to
gray, but becoming brown on exposure to the air because the iron oxidizes easily and
changes to limonite. Cleavage angle 107°. Occurs also massive, gray to brown, with
feeble luster. Formula, FeO,C (= FeO + CO,).

AracoxITE. — Like calcite in composition, but occurring in prismatic form, without the
cleavages of calcite. Calcite and aragonite are hence paramorphs. G = 2-9-2-94, which
is above that of calcite. Shells, while consisting generally of calcium carbonate, often
have a large part of the material in the aragonite state; and hence aragonite is present
through most uncrystalline limestones.

8. Sulphates.

GypsuM (or hydrous calcium sulphate). — Very soft. H = 1. One of the few minerals
that may be easily impressed with the teeth without producing a grating sensation. Often
massive and fine granular. Colors from white to black ; the white is common alabaster.

Also occurs in crystals, with pearly luster on a cleav-
54. 55. age surface. Figs. 54, 55 give two of the forms of

the crystals. It cleavesin broad pearly plates or folia,
which look like mica, but are softer, and not elastic.
Unlike limestone and other minerals, a little heat

reduces it to powder, making the common plaster of
Paris of the shops. It consists of sulphuric acid 4651, lime 32:56, water 20-93 = 100.
Formula, Ca0,S + 2 aq (= Ca0. 80, 2aq).

ANHYDRITE (calcium sulphate, without water). — White and gray- 56
ish, reddish. H = 3-31. Cleavage affords rectangular blocks or plates. £
It differs from gypsum also in affording no water when heated. o

. N

BariTE (or heavy spar, barium sulphate, also called barytes). ’
—Occurs in tabular crystals, some of the forms of which are
given in Fig. 56. It is remarkable for its high specific gravity gy
(G = 4:3-4-7), whence the name, from the Greek for weight. It ~—— 7
contains sulphuric acid 343, baryta 657 =100. Formula, BaO,S c
(=Ba0 + SO,). It is ground up and used for adulterating white M

lead paint. It is common as a gangue of different ores. II-

(4

n

<9
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9. Phosphates, Fluorides.

AraTITE (calcium phosphate). — Occurs in six-sided prisms of a greenish to bluish
color, often looking like beryl (and this deceptive appearance led to the name from the
Greek, signifying to deceive), but easily distinguished from beryl by its inferior hardness,
as it may be scratched with a knife. Composition: Phosphoric acid 40-92, lime 53-80,
chlorine 6-82=101-54, for a chlorine-bearing variety. Another kind contains fluorine
instead of chlorine. Much used for making a fertilizer.

Frvorite (fluor spar, calcium fluoride). — Crystallizes in cubes, octahedrons, and
other related forms, which cleave easily in four directions, parallel to the faces of the
regular octahedron, the faces of cleavage making angles with one another of 109° 28'.
Often granular-massive. Easily scratched with a file. Colors, clear purple, yellow, blue,
often white, and of other shades. Massive varieties are worked into vases, etc., which
have much beauty. When powdered and thrown on a shovel heated nearly to redness, it
phosphoresces brightly. Composition: Fluorine 48-7, calcium 513 = 100,
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10.  Sulphides, or Minerals Containing Sulphur.

Pyrite. — Color pale yellow, brass-like, much less yellow than chalcopyrite. Hard-
ness 7, or sufficient to strike fire with steel, whence the name, from the Greek for
fire. Occurs often in cubes like Fig. 57. The stri@ of the adjoining surfaces, when any
are present, are at right angles with one another. Also in other related
forms. Frequently very brilliant, but also dull, and sometimes brown
from a coating of limonite. Composition : Sulphur 53:3, iron 46-7 = 100 ;
formula, FeS,. Common in all rocks, in small disseminated crystals ; often
in veins, and as the gangue of other ores. It isthe ‘‘gay deceiver’’ of
the mineral world, being often mistaken for silver ores (which are never
yellow) and for gold (which is never brittle or hard), or for chalcopyrite
or copper pyrites (which is easily scratched, and has an olive-green
powder). Often contains gold invisibly disseminated, and is worked for its gold ; not
good for making iron, but by oxidation converted into vitriol (iron sulphate), and used
for this purpose and for making sulphuric acid.

Marcasite, — Like pyrite in composition (FeS,) and hardness, but color paler and
crystals prismatic. Pyrite and marcasite are paramorphs.

PyrruoTITE. — Iron sulphide, containing sulphur 39-5, iron 60-5 =100; formula,
Fe,S, the atomic ratio being nearly 1 to 1. Differs from pyrite in having a bronze-yellow
color, in being easily scratched (H = 3} to 4}), and in crystallization. Used for the same
purposes as pyrite. Often contains nickel, and is then worked for this metal.

ARsENoPYRITE. — Silver-white, brittle, H = 5:5-6, much above that of silver ores.
Contains, with iron, arsenic as well as sulphur; formula, FeAsS. Valuable for its arsenic,
and sometimes contains cobalt and gold.

CuaLcOPYRITE (copper pyrites). — Gold-yellow, brittle (in this unlike gold) ; powder
olive-green. A valuable ore of copper, consisting of sulphur 349, copper 346, iron
30-5 = 100.

GALENA. — Lead sulphide, of light steel-gray color, brittle. Usually breaks into
cubes under the hammer, unless fine granular-massive; H = 2:5. The common ore of
lead. Contains sulphur 13-4, lead 866 = 100 ; formula, PbS.

Sruavrerite (Blende). —Zinc sulphide. Luster not metallic, but resinous, and the
powder nearly white. Colors yellow and brown, looking much like resin, also black,
rarely white. Composition: Sulphur 33, zinc 67 = 100 ; formula, ZnS. A common and
valuable ore of zinc.

11. Owxides.

Hemarire. — Often called specular iron ore, because the crystals are brilliant ; a
steel-gray ore of iron, but also of a deep red color when earthy. Consists of oxygen 30,
iron 70 =100 ; formula, Fe,0,. Crystals rhombohedral. Powder red, and hence the
name (given by the Greeks), from the Greek for blood. H of crystals 6. The red ore
is red ocher (common red paint and red chalk), and a hard, massive, impure kind is a
variety of clay-ironstone. A valuable but hard iron ore, Menaccanite (Ilmenite, or
titanic iron) is a related ore containing much titanium and having a black powder.

Mac~erite. — Called magnetic iron, because easily taken up with a magnet, unlike
other iron ores. Color blackish iron-gray, looking much like hematite, from which it
differs in its black powder, and in crystallizing in octahedrons and related forms; H = 6.
Composition : Oxygen 27-6, iron 72:4=100 ; formula, Fe,O,. Occurs in great beds like the
last, and also common in disseminated crystals ; often a black iron sand on sea-beaches.
A valuable ore of iron. Franklinite is a similar ore (from Sussex Co., N.J.), containing

n‘ear]y 7 per cent of zinc oxide with nearly 10 of manganese protoxide ; valuable for its
zine, as well as its iron.
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LioN1TE. — A brown, brownish black to ochre-yellow iron ore, consisting of iron in
the same state of oxidation as hematite, but combined with water: it is hence equivalent
to hematite plus water, Fe,O; + 11H,0 = iron sesquioxide 856, water 144 = 100. Con-
tains when pure 59-9 per cent of iron. Its powder is brownish yellow —a distinguishing
character. The earthy yellow variety is the common paint, yellow ocher. In the larger
deposits this ore is a secondary product ; that is, was made from the oxidation of iron-
bearing minerals in the rocks about the deposits. So named from the Greek for marsh,
because a common ore in marshes, marshes being the earth’s smaller pockets, catching
what iron is decomposed out of the rocks of the surrounding hills and washed in by the
waters. The marsh ore is often contaminated with phosphates from organic deposition,
and therefore the iron it yields is usually fit only for castings. The larger deposits,
not of marsh origin, are commonly pure, or nearly so, from phosphates and sulphur; but
they may contain sulphur when the ore has been made from pyrite. When free from
sulphur it is a very valuable ore, easily worked. Great beds occur in Salisbury, Conn.,
Berkshire County., Mass., Amenia and elsewhere in eastern New York, in eastern Penn-
sylvania, and farther southwest, and in many other states.

MANGANITE, PSILOMELANE, PELAGITE. — Both hydrous and anhydrous oxides of
manganese exist. Manganite is a hydrous sesquioxide, like limonite (under iron); and
psilomelane is a massive, impure ore of related character. The color is iron-black and the
powder black. Over the sea-bottom concretions of impure hydrous manganese oxide
occur, which have been named pelagite. An analysis gave 40 per cent of this oxide to 27
of iron sesquioxide, with 13 per cent of water, 14 of silica, and 40 of alumina. The
manganese is supposed to come from the pyroxene of volcanic ashes.

Water. — Water is hydrogen oxide, H,0 = Oxygen 88:89, hydrogen 11-11 = 100.
But it is never pure, because of its solvent powers. See beyond, page 118.

ORrGANIC CONTRIBUTIONS TO THE MATERIAL OF ROCKS.

The materials of most rocks are of mineral origin. The rocks have been
produced by fusion, or out of the gravel, sand, or clay, made through the
wear and decay of preéxisting rocks; and as the constituents drawn upon
were mineral, the rocks thus derived are of mineral origin. These are the
most common of rocks.

But besides the material from a mineral source, large contributions
toward rock-making have come from the organic kingdoms, especially from
those divisions of it that produce hard, stony secretions. Shells and corals
are examples of these secretions. Animals secreted them for protection, sup-
port, or some other purpose; but they were good material for rock-making,
and through the geological ages, when the death of animals has set them
free, they have been converted into limestones. Plants are the source of
coal-beds. Their stems, leaves, tissues, have become gathered in favorable
places into beds, like a peat-bed, and after long burial have been converted
into coal. Further, some kinds of animal and vegetable life secrete silica,
material for siliceous accumulations.

Organic materials may occur not only in deposits that are purely of
organic origin, but also mixed with material of mineral origin, that is, with
sand, clay, gravel, and the like, in various proportions; and sometimes a few
organic relics are all the materials of an organic source that can be distin-
guished.. The organic relics preserved in any rock are called fossils (from
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the Latin for dug up), and a bed of rock containing fossils is described as
Jossiliferous.

The following are the chief sources of materials of organic origin: —

Calcareous, or the material of limestones.— The most important animal
sources are shells of Mollusks, Corals, Crinoids, Foraminifers or the shells
of ordinary Rhizopods. The sources under the vegetable kingdom are Coral-
lines of caleareous or semi-caleareous nature, Confervoid and other Alge,
some of which, as the Nullipores, have corallike forms, while others are
minute and disk-shaped, as the Coccospheres or Coccoliths.

The following are analyses: 1 and 2, Corals, Madrepora palmata and Oculina arbus-
cula, by S. P. Sharples; 3, shell of a Terebratula, by the same ; 4, shell of an oyster : —

1. 2. 3. 4.

Madrepora.  Oculina, Terebratula. Oyster-shell.
Calcium carbonate............... 97-17 95637 98-39 939
Calcium phosphate .............. 078 0-84 061 05
Calcium sulphate................ - — — 04
Magnesium carbonate............ — — — 03
‘Water and organic matters....... 281 379 1-00 39

In a Millepore (?) Coral Damour found 8.51 per cent of magnesium carbonate in one
species, and little in others. Forchhammer obtained 636 per cent of magnesium carbonate
from the Coral, Isis nobilis, and 2-1 per cent in the precious Coral of the Mediterranean,
Corallium nobile. Of the Chare, among plants, Ch. fetida affords 31:33 per cent of ash,
95-35 per cent of which is calcium carbonate,

Siliceous. — The animals that secrete silica are, in the main, (1) the
Sponges, and (2) the Radiolarians, a radiate section of the Rhizopods; and
the vegetables are chiefly the minute Diatoms and other algoid species.

Sponges usually consist largely of fine horny fibers. Those used for
household purposes are an exception, and are selected for this use because
free from such fibers, and therefore pliant and strong. The silica, when
present, is in spicules, bristling with horny fibers, easily detected with a good
pocket lens. Insome species they are so abundant as to make a net-work of
silica, as in the pure “ glass-sponge,” free from all horny fiber. See page 57
for a figure of one of the species.

Phosphatic. — The chief sources among animal materials are bones, teeth,
epidermis, and other tissues, excrements, and the shells of Lingule, Discince,
Obolus, Pteropods, ete.; the outer integuments or shell of Crustaceans,
Insects, ete.; and those of a wegetable source are the stems, leaves, and fruit
of plants, especially the edible grains. The phosphoric acid is usually
present in combination with lime as ealcium phosphate.

Guano comes mostly from islands or coasts that have been for a long
time without human residents, and where birds have had undisturbed posses-
sion. It is made chiefly of the excrements of birds (sometimes of bats), and
owes its value as a fertilizer to its nitrogen and salts of phosphoric acid. But
water, from the rains, percolating through it carries down the soluble phos-
phates into the underlying material, and if this is coral rock or other loose
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caleareous deposit, the solution converts the calcareous rock into caleium

phosphate, which goes also by the name of guano. Isolated excrements in
rocks are called coprolites.

Analyses of bones: 1, 2, human bones, according to Frerichs; 3, fish (Haddock),
according to Duménil ; 4, Shark (Squalus cornubicus), according to Marchand ; 5, fossil
bear, id. : —

1. 2. 3. 4. 5.
Calcium phosphate................. 5024 59-50 5526 32-46 62-11
Calcium carbonate................. 1170 946 6'16} 444 1324
Calcium sulphate .................. - — — 12-25
Organic substance . .. ............ 3822 30-94 3763 5807 420
Traces of soda, ete. ................ — — 1-22 -3:80 —_
Calcium fluoride.................0. — — —_ 1-20 212
Magnesium phosphate . ....... ..... — — — 1-03 0-50

In No. 4, a little silica and alumina are included with the fluoride. No. 5 contains also
silica 2-12, and oxides of iron and maganese, etc., 3:46.

The enamel of teeth contains 85 to 90 per cent of calcium phosphate, 2 to 5 of calcium
carbonate, and 5 to 10 of organic matters. Fish-scales from a Lepidosteus afforded Frémy
40 per cent of organic substance, 51-8 of phosphate of lime, 7-6 of magnesium phosphate,
and 4-0 of calecium carbonate. Other fish-scales contained but a trace of the magnesium
phosphate and more of organic matters.

T. S. Hunt obtained for the composition of the shell of Lingula ovalis, Calcium phos-
phate 85-79, calcium carbonate 11-75, magnesium phosphate 2:80 = 100-34. The shells of
a fossil Obolus afforded Kupffer the composition nearly of a fluor-apatite (Amer. Jour.
Sei., IIL. vi. 146); and the phosphatic shells are thin, somewhat horny in appearance, and
usually become black on fossilization.

The shell of a Lobster ( Palinurus) afforded Frémy, calcium carbonate 49-0, calcium
phosphate 6-7, organic substance 44-5.

Phosphatic nodules, possibly coprolitic, in the Lower Silurian rocks of Canada (on
River Ouelle), afforded T. S. Hunt (see Amer. Jour. Sci., II. xv. and xvii.), in one case,
calcium phosphate 40-34, calcium carbonate with fluoride 5-14, magnesium carbonate 9:70,
iron peroxide with a little alumina 12-62, sand 25-44, moisture 2:13 = 95-37. In a hollow
cylindrical body from the same region, there were 67-53 per cent of phosphate.

Analyses of coprolites. — Nos. 1 and 2 by Gregory and Walker; 3 and 4 by Connell;
5 by Quadrat; 6 by Rochleder (a coprolite from the Permian) : —

1. 2. 3. 4. 5. 6.

Burdie- Fife- Burdie- Burdie- Kosch- Oberlan-

house. shire. house. house. titz. genau,
Calcium phosphate ...... 958 6360 8508 8331 5089 1525
Calcium carbonate ...... 61-00 2425 10-78 15-11 32-22 4-57
Silica ... .. ool 1413 trace 0-34 0-29 0-14 —
Organic material ........ J 3:38 3-95 1-47 7-38 74:03
Magnesium carbonate....  13:57 2:89 — — — 2:75
Iron sesquioxide......... 6-40 trace —_ — 2-08
Alumina . .......... ..., - _ — — 6-42 —
Water ................. 533 333 — —_ = —
Lime of organic part..... — == — — — 1-44
Sodium chloride.. .. ..... — — — — — 1-96

10001 9745 100-15 10018 99.13  100-00

The ashes of grass, straw, clover, amounting to 5 to 8 per cent of the dried plant,
afford usually 5 to 15 per cent of phosphoric acid; and those of the seed in wheat,
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rye, maize, rice. buckwheat (the amount of ash 2 per cent or less) affords 40 to 50
per cent; of leaves of walnut (the ash 7 to 772 per cent), 21.1 per cent spring, 4 per
cent antumn ; of beech (ash 4-8 and 6-75 per cent), 7-8 per cent summer, 4-2 per cent
antumn ; wood of body of beech (amount of ash in dried 0-65 per cent), 5:3 per cent ; of
small wood 116 per cent, and of brush 12-3 per cent; of pine, fir, larch (03 per cent of
ash), 36 to 6 per cent of phosphoric acid.

Carbonaceous, — The carbonaceous material of the rocks has come, as has
been stated, from the decomposition of plants and animals, and chiefly the
former. Wood contains about 50 per cent of carbon, along with 44 of oxygen
and 6 of hydrogen. Peat is woody material altered part way toward coal,
and sometimes wholly so in places. Brown coal is coal that has a dark
brownish powder. Bituminous coal has a black powder, and burns with a
bright flame ; anthracite burns with little flame. Kach contains some of the
oxygen of the original wood, the anthracite the least.

Mineral oil and mineral gas consist of carbon and hydrogen alone, oxygen
being wholly absent. They are the source of the flame of bituminous coal;
they do not, however, exist in the coal, for when the coal is digested in
a solvent of the oil, as benzine, almost no oil is taken up; the oil or gas is
produced by the heat from a compound present in the coal. Other carbona-
ceous substances of similar origin are asphalt, an oxidized hydrocarbon,
mineral resins, ete. Moreover, among the mineral resins are one or two
which contain sulphur.

Alwmina, magnesia, tron, soda, potash, sulphur, etc.— A few of the coal-
making plants, especially the Lycopods, contain much alumina in their ash,
and magnesia, iron, potash, soda, exist in many plants. In the decomposi-
tion of buried plants, these materials are partly dissolved out and carried
away by waters, and partly contributed to rocks. The following are some
analyses of the ash of plants: —

Analyses of the ash of Lycopods (1, 2), Ferns (3 to 6), Equiseta (7, 8), Conifer (9),
Moss of the genus Sphagnum (10), and an Ilex (11) : —

KO NaO Ca0 MgO Fe0, Mn0, AlLO, PO; 80, 8i0, Ci

1. Lyc. clavatum ..31:00 268 413 589 600 — 2220 730 355 1301 —

2. Lyc. clavatum ..2569 174 796 651 2:30 253 2665 536 490 1394 313
3. Aspl. filix ...... 455 52 9 74 15 — — 200 68 22 46

4. Aspid. filix.....39-80 531 1874 828 097 — — 256 540 438 1472
5. Osm.spicant....2365 333 409 647 117 — — 176 129 5300 582
6. teris aquilina..19:35 478 1255 230 394 — — 515 177 4365 620
7. Eq.arvense..... 1916 048 1720 284 072 — — 279 10:18 4173 626
8. BEq. Telmateia... 801 063 863 1-81 142 — 137 283 7064 559
9. Pinus abies..... 12:84 564 5827 281 160 ¢ tr. 260 160 1255 206

10. Sphag. commune. 802 12:40 317 492 635 . 589 106 433 4169 1209
11. Ilex cassine..... 2702 047 1099 1659 026 173 — 334 250 132 066

Analysis 1 is by Ritthausen; 2, Aderholt; 3, A. Weinhold ; 4, Struckmann; 5, 6,
9, Malaguti & Durocher ; 7, 8, E. Wittig; 10, H. Vohl; 11, F. P. Venable.

In the analyses that have been made of Lycopods, the amount of ash is 3:2 to 6 per
cent in weight of the dried plant; of Ferns, 2-75 to 7-56 per cent ; of Equisetum arvense,
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1871 per cent; of Eq. Telmateia, 26:75 per cent; of Conifers, mostly less than 2 per
cent; of Fungi, 3-10 to 9-5 per cent; of Lichens, 114 to 17 per cent (the last in Clado-
nia), but mostly between 1-14 and 4-30 per cent. In Lycopodium dendroideum, Hawes,
in his analyses (p. 362), found 3:25 per cent of ash; in L. complanatum, 547 per cent,
and in Equisetum hyemale, 11-82 per cent.

Lycopodium chamecyparissus afforded Aderholt 5185 per cent of alumina ; or, when
without spores, 5736 per cent; while Ritthausen obtained 39-97 alumina for this species,
and 37-87 for L. complanatum. In Lycopods the silica constitutes 10 to 14 per cent of
the ash. In the ash of Mosses have been found 8 to 23-58 pcr cent of potash, 4 to 16 of
silica, 1-06 to 6-566 of phosphoric acid, 4-9 to 10-7 of magnesia. Among Ferns, the amount
of ash, so far as determined, varies from 5 to 8 per cent.

The ash of Fungi affords 21 to 54 per cent of potash, 0:36 to 11-8 of soda, 1-27 to 8
of magnesia, 15 to 60 of phosphoric acid, and 0 to 15-4 of silica. Among Lichens, the
ash of Cladonia rangiferina contains 70-34 per cent of silica; of other species, less, down
to 0-9 per cent.

Trapa natans, of bogs, in Europe, affords 13 to 25 per cent of ash; and 25 per cent
of this is oxide of iron (Fey0,) with a little oxide of manganese. Of the ash of the fruit
scales, over 60 per cent is oxide of iron. The Ilex cassine of North Carolina (the leaves
of which produced the Black Drink of the Indians) afforded, from leaves collected in May
and dried, 5:75 per cent of ash, which is remarkable (No. 11, above) for the amount of
potash and magnesia. Another Holly afforded 11:39 of magnesia, and 12-34 of lime.

Ash of bean straw (6 to 7 per cent of dried) affords 35 to 45 per cent of potash ; of
buckwheat straw (6-15 per cent), 46-6 of potash ; of oat straw (51 per cent), 22 per cent
of potash.

Soda is a prominent constituent in the ash of Sea-weeds (Fuct), analysis giving 14-39
per cent of ash, and in this, 24 of soda, with 145 of potash. Scirpus (bulrush) afforded
865 per cent ash, and in it 10-3 per cent of soda with 9-7 of potash; and Juncus, 66
of soda to 36-6 of potash. The ash of beets contains 14-8 per cent of soda; of carrots,
22°1 per cent; but grasses generally 1 to 5 per cent of soda.

The amount of sulphur in the ash of grasses, straws, and woods is usually 1 to 25 per
cent ; in that of Fucus, 18 per cent; in that of common vegetables, 3 to 6 per cent. The
amount of cklorine in the ash of grasses is 3 to 55 per cent ; in that of vegetables, 8 to 11
per cent ; in that of Fucus, 10 per cent ; in that of Juncus, 142 per cent ; in that of woods,
usually less than 1 per cent. (These percentages are taken from tables in Johnson’s How
Crops Grow, New York, 1887.)

KiNnps oF ROCKs.

(1) General explanations.— Rocks are conveniently divided into two
general sections: (1) the Fragmental or Clastic, and (2) the Crystalline.

For the study of even the coarser kinds of rocks, the geological student should have
a pocket lens. In investigation, it will generally be necessary to supplement this with
a compound polariscope-microscope made especially for the study of rocks; but a thor-
ough study of the elements of petrology is required for the satisfactory use of the latter
instrument.

FraemeENTAL Rocks.— The fragmental rocks are those that have been
made out of fragments of older rocks. They are also called clastic rocks,
from the Greek for to break. All the sand, gravel, stones, earth, mud, and
clay of the world is worn or pulverized or decomposed rock. Each grain,
however small or large, may hence be spoken of as a fragment of preéxist-
ing rocks. The rocks of an age are mostly made out of the detritus (worn-
out rocks) of preceding time.
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To appreciate the nature and qualities of fragmental material, the student
should go to the hills where sand and gravel are dug; to the sea-beaches
where the waves are at their grinding and assorting work, or to the estuaries
where mud-flats and sand-flats have been made by their greater action; to
the river-valleys, where plunging streams are at their abrading and destroy-
ing work, or where quieter streams are bordered by terraces of sand, or
gravel, or loam, or clay. All is fragmental material; and all these results
of attrition and partial decomposition may be included under the four
divisions of (1) sand, (2) gravel (or a mixture of stones and sand), (3) earth
or mud (according as it is wet or not), and (4) clay. The last, the material
of brick and pottery, is plastic when wet, and feels a little greasy. Mud of
the finest kind is usually more or less pure clay.

Fragmental deposits are made up of successive beds or layers; that is,
are stratified (using a term from the Latin stratum, a bed). They are also,
for the most part, sedimentary beds, the sand and earth deposited by water
being its sediment; and hence they are often called sediments. The waters
that deposited the sediment and made the stratified accumulations were
mostly those of the ocean, or of rivers or lakes; and sea-border, fluvial, and
lacustrine formations are illustrations therefore of fragmental deposits.

CrysTALLINE Rocks. — Nearly all substances crystallize on passing to
the solid state from a previous state of either fusion, solution, or vapor, and
many without fusion if subjected to long-continued heat. The grains of a
massive crystalline rock are, in the main, or wholly, imperfect crystals. They
are generally angular in form; and when so, it is usually because of the
cleavages of the constituent mineral grains. Being crowded together, they
very seldom have the external planes of crystals. Granite and crystalline
limestone (or ordinary white marble) are examples. In crystalline lime-
stone, all the grains are angular and glisten, owing to the cleavage-surfaces.
In granite, those of two of the constituent minerals show sparkling cleavage-
surfaces, but the third, quartz, is without cleavage. When the grains are
distinetly visible without a glass, the texture is described as macroscopic; if
undistinguishable, the texture is microscopic, or aphanitic.

Crystalline rocks are, to a large extent, igneous or eruptive rocks ; that is,
they have become crystalline masses from a state of fusion, as, for example,
lavas and the many kinds of igneous rocks. Others have become crystalline
by heat without fusion, with or without attending change in composition; for
example, a massive limestone has thus been changed by simply long-continued
heat to a crystalline limestone or marble, granitic sandstone to granite or
gneiss, and so on. Such rocks are called metamorphic rocks. Fragmental
rocks have been thus metamorphosed on a large scale during times of moun-
tain-making. Metamorphic rocks have sometimes been subjected to a second
partial or complete metamorphism, and igneous rocks occur altered in like
manner. Crystalline rocks are usually mere mixtures, like the fragmental,
as they consist of one, two, or more minerals in various proportions. If of
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more than one, the prominent distinetions are usually based on the two most
characteristic; and the others are considered as accessory minerals, and are
made to distinguish varieties.

The following are distinctions among crystalline rocks, based on texture
and structure : —

1. Granitoid. — Granular-crystalline, like ordinary granite.
2. Micro-granitic. — Like granite, but very fine in grain.

3. Micro-crystalline, — Compact, and so fine in texture as barely to glisten
over a surface of fracture.

4. Porphyritic.— Having one of the minerals of the rock in distinct
crystals (Fig. 58). The original porphyry of geology included a red por-
phyry (from Egypt), a compact red rock, finely
spotted with pale feldspar (orthoclase) crystals;
and a green porphyry — the Oriental verd-antique
— with rather large crystals of whitish labradorite,
from western Greece. The rocks, although alike
in being porphyritic, are not of the same species,
but are porphyritie varieties of different species, as
described beyond.

The mineral in crystals in a porphyritic rock
may be any feldspar, or it may be augite, leucite, quartz, or some other
species; and whatever the mineral, the crystals are called phenocrysts, from
the Greek for ¢ visible crystals,” a term proposed by J. P. Iddings. The kind
of mineral is indicated by the terms orthophyric, if orthoclase ; labradophyric,
if labradorite ; augitophyric, it augite; leucitophyric, if leucite ; quartzophyric,
if quartz; spherophyric, if containing spherical concretions, etc.

5. Foliated. — Having the cleavage-structure of slate, as in extreme cases
of foliation; or having an arrangement of the minerals, especially of any
foliated mineral like mica, approximately in planes, so that the rock has
the appearance of being stratified, and often breaks easily into slates or
sheets. The slaty, and all schistose, structure, to the faintest, is here in-
cluded. The planes of foliation are either pressure-made planes, or corre-
spond to planes of bedding or stratification.

6. Fluidal.—In igneous rocks, having the material of the rock or of
portions of it in parallel lines or bands and looking as if due to the flow of
the rock while melted.

7. Glassy, glass-bearing. — Melted rocks, when cooled rapidly, often
become glass at surface instead of rock; and in some cases all gradations
occur in the mass of an igneous rock between glass with microscopic stony
points, or microlites, and stone with microscopic glassy particles. Lavas
have usually particles in a glassy state among the stony particles, which a
microscopic study of the rock will detect.

N\
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8. Vesicular. — Having small cavities in the rock (igneous), made usually
by steam, as in many lavas.

9. Scoriaceous. — Having vesicles in so great abundance that they make
the chief part of the mass like much furnace slag, as a scoriaceous lava.

10. Amygdaloidal (from amygdalum, an almond). — Having the vesicles
(which are often almond-shaped) filled with minerals foreign to the rock,
such as quartz, caleite, and the zeolites. Trap, or doleryte, and related basic
eruptive rocks are often amygdaloidal. .

The following are other terms used in describing either fragmental or crystalline
rocks: — ’

Quartzose. — Consisting of quartz; containing much quartz.

Calcareous. — Consisting of limestone (calcite) ; containing much calcite.

Ferruginous. — Containing much iron oxide.

Argillaceous (from argilla, clay). —Made of more or less hardened clay or fine mud ;
containing clayey material.

Pyritiferous. — Containing pyrite.

Granitic. — Made of granite sand, or gravel.

(2) Descriptions of rocks.— The kinds of rocks are described under the
heads of —

LimestoNEs, or CArncArrous Rocks.
¥racmENTAL Rocks, Nor CALCAREOUS.

CRYSTALLINE ROCKS, EXCLUSIVE OF LIMESTONES.

In the names of rocks, the termination ite is here changed to yte, as done in the
author’s System of Mineralogy (1868), in order to distinguish them from the names
of minerals. Granite is excepted.

LiMESTONES, NOT CRYSTALLINE.

Massive Livestone. — Compact uncrystalline ; color whitish, dull gray, bluish gray,
brownish, and black. Texture compact to earthy, sometimes semi-crystalline. Consists
essentially of calcite or calcium carbonate (page 68), but is often impure with clay or
sand.

Most limestones are of organic origin. A dark or black color is usually owing to
some carbonaceous material present, derived from the decomposition of the plants or
animals of the waters in which they were formed. When burnt, limestone (Ca0;C) becomes
quicklime (Ca0), through loss of carbenic acid (CO,); and, at the same time, all
carbonaceous materials are burnt out, and the color, when it is owing solely to these,
becomes white. A limestone made of pebbles of limestone is called a limestone conglom-
erate, as that of the Potomac.

MaGXNESIAN LimEsTONE, DoLoMYTE (page 68). — Calcium-magnesium carbonate. Not
distinguishable in color or texture from ordinary limestone. Much of the common lime-
stone of the United States is magnesian. While some of the magnesian limestone is true
dolomite (or has the calcium and magnesium in the atomic proportion 1:1), much is a
mixture of calcite and dolomite.

In some limestones the fossils are magnesian, while the rock is common limestone.
Thus, an orthoceras in the Trenton limestone of Bytown, Canada (which is not mag-
nesian), afforded T. S. Hunt calcium carbonate 56-00, magnesium carbonate 37-80, iron
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carbonate 5:95 = 99-75. The pale yellow veins in the Italian black marble, called
¢ Egyptian marble,’”” are dolomite, according to Hunt.

Hypraviic LiMeEstoNE. — A limestone containing 20 to 30 per cent of clay, and
affording a quicklime, the cement from which will ¢ set '* under water. It is often mag-
nesian. An analysis of a kind from Rondout, N. Y., afforded carbonic acid 34-20, lime 2550,
magnesia 12-35, silica 15-37, alumina 9-13, sesquioxide of iron 2-25. In making ordinary
mortar, quartz sand is mixed with pure quicklime and water, and the chemical combina-
tion is mainly that between the water and lime, together with an absorption subsequently
of carbonic acid. Evaporation to dryness is necessary to hardening. With ¢ hydraulic
cement,”’ silica and alumina (that of the clay) are disseminated through the lime, and
hence these ingredients enter into chemical union with the lime and water, and make a
much firmer cement, and one which ¢ sets’” under water. Portland cement is made by
mixing 70 per cent of chalk with 30 of fine mud from the Thames.

O6LYTE. — Limestone, either magnesian or not, consisting of minute concretionary
spherules ; looks like the petrified roe of fish, and hence the name, from the Greek wéy,
egg.

CuaLx. — A white, earthy limestone, easily leaving a trace on a board. Composi-
tion, the same as that of ordinary limestone.

MarL. — A clay containing a large proportion of carbonate of lime — sometimes 40
to 50 per cent. If the marl consists largely of shells or fragments of shells, it is called
shell-marl. Marl is used as a fertilizer ; and beds of clay or sand that can be so used are
often in a popular way called marl.

SpeLL Limestoxe, CorarL LivesToNe. — A rock made out of shells or corals.

TRAVERTINE. — A massive limestone, formed by deposition from calcareous waters,
and largely through the agency of fresh-water Alge, as at the Yellowstone Park (W. H.
Weed). But part is a deposit from solution. The rock abounds on the river Anio, near
Tivoli, and St. Peter’s, at Rome, is constructed of it. The name is a corruption of
Tiburtine.

CRYSTALLINE LIMESTONE.

STALAGMITE, STALACTITE, DripsTONE. — Depositions from waters trickling through
the roofs of limestone caverns form calcareous cones and cylinders pendent from the
roofs, which are called stalactites, and incrustations on the floors, which are called
stalagmite, and sometimes also dripstone. The waters, filtering down from the overlying
soil, contain a little carbonic acid or some organic acid, and are thus enabled to dissolve
the limestone, which is deposited again on evaporation. The layers of successive deposi-
tion are usually distinct, giving the material a banded appearance.

GrANULAR LiMestoze, CaLcyTe (statuary marble). — Limestone having a crystal-
line granular texture, white to gray color, often clouded with other colors from impurities.
It is a metamorphic rock. Its impurities are often mica or tale, tremolite, white or gray
pyroxene or scapolite; sometimes serpentine, through combination with which it passes
into ophiolyte (p. 89); occasionally chondrodite, apatite, corundum. i

Varieties. —a. Statuary Marble; pure white and fine grained. b. Oraamental
and Architectural Marble; coarse or fine, white, and mottled of various colors, and, when
good, free not only from iron in the form of pyrite, but also from iron or manganese in
the state of carbonate with the calcium, and also from all accessory minerals, even those
not liable to alteration, and especially those of greater hardness than the marble, which
would interfere with the polishing. - c¢. Verd-antique, or ophiolyte. d. Micaceous.
e. Tremolitic; contains bladed crystallizations of the white variety of hornblende called
tremolite. f. Graphitic; contains grapbite in iron-gray scales disseminated through it.
g. Chloritic; contains disseminated scales of chlorite. h. Chondroditic; contains dis-
seminated chondrodite in large or small yellow to brown grains.

DovLoyMyTE. — Not distinguishable by the eye from granular limestone. The dolo-
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myte, which is calcitic (a mixture of calcite and dolomite), is apt to crumble from
weathering, because the calcite is the most soluble, and becomes removed by filtrating

waters.

As the kinds of fragmental materials which the rocks afford over the earth are either
sand, gravel, earth, or mud, and clay, the kinds of fragmental rocks are few.

FracMENTAL Rocxks, NoT CALCAREOUS.

CONGLOMERATE. — A consolidated gravel-bed, consisting of a mixture of pebbles, or
fragments of rocks, and finer material. . If the pebbles are rounded, it is called pudding-
stone; b. if angular, breccia. Conglomerates are named, according to their constituents,
stliceous or quartzose, granitic, calcareous.

Grit, GrRIT-ROCK. — A hard, gritty rock, consisting of coarse quartz sand and small
pebbles ; called also millstone grit, because used sometimes for millstones,

SaxpsToNE. — A rock made of sand; a consolidated sand-bed. There are siliceous,
granitic, micaceous, feldspathic, calcareous sandstones, according to the character of the
material. They are thick-bedded or thin-bedded, according to the thickness of the beds;
laminated when divisible into lamine or slabs; shaly when splitting into thin pieces or
sheets like shale or an imperfect slate. There are also compact, friable, argillaceous,
gritty, ferruginous, concretionary, massive, flexible, and other kinds. Grindstones are
made of an even-grained, rather friable sandstone. Ilard, siliceous sandstones, grit, and
conglomerate, in regions of metamorphic rocks, are called quartzyte (page 82). The
Arkansas Novaculite, or whetstone, is an exceedingly fine-grained sandstone microscopi-
cally porous through the loss by infiltrating waters of disseminated calcareous particles
(L. S. Griswold).

Saxp-rock. — A rock made of sand of any kind, especially if not siliceous or granitic.
A calcareous sand-rock is one made of calcareous sand, as pulverized corals or shells.

SuarLe. — Consolidated mud or clay ; a soft, fragile, slaty, argillaceous rock. Shales
are gray to black in color, and sometimes dull greenish, purplish, reddish.

Varieties.—a. Carbonaceous shale; black and impregnated with coaly material,
yielding mineral oil or related bitaminous matters when heated (Brandschiefer in German).
b. Alum shale; impregnated with alum or pyrites, usually a crumbling rock. The alum
proceeds from the alteration of pyrite, or an allied iron sulphide, in the rock.

ARGILLYTE, or Clay-slate (Phyllyte).— A slaty rock, like shale, but differing in
breaking usually into thin and even slates or slabs. Roofing and writing slates are exam-
ples. It Is sometimes thick-laminated. Moreover, unlike shale, it occurs in regions of
metamorphic rocks, and often graduates into hydromica and mica schists. It graduates
often into hard, thick-layered sandy beds, which used to be called gray wacke.

Tura. —Consists of comminuted volcanic sand and small fragments of lavas, more
or less altered. Usually of a gray, yellowish brown, or brown color, sometimes red. The
tufa made from those 1gneous rocks that contain pyroxene is usually yellowish brown o
brown in color (sometimes red) (often called wacke) ; and that made from the feldspathie
igneous rocks, trachyte, pumice, and the like, 1s of an ash-gray color, or of other light
shades. The finer deposits are often called ash-beds. Since volcanic ashes are often very
widely distributed by the winds, they make deposits beyond the limits of the volcano,
over the land, or lakes, or the sea-bottom ; and sometimes the deposits have great thick-
ness. Pozzuolana is a light-colored tufa, found in Italy, near Rome, and elsewhere, and
used for making hydraulic cement. Volcanic sand, or peperino, is sand of voleanic origin,
either the ¢ cinders’’ or *‘ ashes’ (comminuted lava) formed by the process of ejection,
or lava rocks otherwise comminuted.

Cray, —Soft, impalpable, more or less plastic material, chiefly aluminous in com-
position, white, gray, yellow, red to brown and black in color.
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Varieties. —a. Kaolin; purest unctuous clay, white, and when impure, of other
colors. The white is used for making porcelain by mixing with pulverized feldspar and
quartz, also for giving weight and body to writing-paper. b. Potter’s clay ; plastic, free
from iron, and therefore good for white pottery; mostly unctuous; usually containing
some free silica. c. Ferruginous, Brick-clay; containing iron in the state of oxide or
carbonate, and consequently burning red, as in making red brick ; generally in thin layers,
which are alternately good clay and fine sand. d. Containing iron in the state of a
silicate, and then failing to turn red on being burnt, as the clay of which the Milwaukee
brick are made. e. Alkaline and Vitrifiable,; containing 25 to 5 per cent of potash or
potash and soda, owing to the presence of undecomposed feldspar, and then not refrac-
tory enough for pottery or fire-brick. £. Marly; containing some calcium carbonate.
g. Carbonaceous, Black, Ampelite; from the presence of lignitic or coaly material.
h. Alum-bearing; containing aluminous sulphates, owing to the decomposition of iron
sulphides present.

Rock-flour is rock pulverized to extreme fineness, so as often to resemble clay although
containing very little of it. Feldspar in this fine state is present in much clay. Some
rock-flour consists mainly of pulverized quartz.

Arrvvivy, Siut, Lass. — Alluvium is the earthy deposit made by running streams
or lakes, especially during times of flood. It constitutes the flats adjoining, and is usually
in thin layers, varying in fineness or coarseness, being the result of successive depositions.
Silt is the same material deposited in bays or harbors, where it forms the muddy bottoms
and shores. Less 1s an earthy deposit, coarse or fine, following the courses of valleys, like
alluvium, but without division into thin layers ; fertile ordinarily from the amount of vege-
table matter present, and containing also land or fresh-water shells.

Detritus (from the Latin for wornr) is a general term applied to earth, sand, alluvium,
silt, gravel, because the material is derived, to a great extent, from the wear of rocks
through decomposing agencies, mutual attrition in running water, and other methods.

Soil is earthy material, mixed with the results of vegetable and animal decomposition,
whence it gets its dark color and also a chief part of its fertility.

Till. — Unstratified or imperfectly stratified deposits of bowlders, gravel, and clay,
derived from a continental glacier. Also called bowlder clay. Usually firmly compacted,
owing to the presence of clay or rock-flour when not properly consolidated.

TrrpoLyre (Infusorial Earth). — Resembles clay or chalk, but is a little harsh be-
tween the fingers, and scratches glass when rubbed on it. Consists chiefly of siliceous
shells of Diatoms. Forms thick deposits, and is often found in swamps beneath the
peat (see page 153). Occurs sometimes slaty, as at Bilin, Prussia; and also hard, from
consolidation through infiltrating waters. Consists of silica in the opal or soluble state.

CrYSTALLINE ROCKS.

The descriptions of crystalline rocks are arranged under the following
heads: —

1. SILICEOUS ROCKS, OR THOSE CONSISTING MAINLY OF SILICA.

II. ROCKS HAVING AS A CHIEF CONSTITUENT ONE OR MORE OF THE ALKALI-BEARING
MINERALS, FELDSPAR, Mica, LeEvCITE, NEPHELITE, SODALITE. — In the first three of the
following subdivisions, potash-feldspar is present as a distinctive feature; in 4, leucite
also contains a potash-bearing mineral; in 5 and 6 a soda-lime or a lime feldspar is
characteristic.

1. Potash-Feldspar and Mica Series.

. Potash-Feldspar and IHornblende or Pyroxene Series.
. Potash-Feldspar and Nephelite Rocks, Hornblendic or not.
. Leucite Rocks, Pyroxenic or not.
Soda-lime-Feldspar and Mica Series.
DANA’S MANUAL—6

IS
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6. Soda-lime-Feldspar Series, with or without Hornblende or Pyroxene, — the feldspar
a triclinic species of the series from albite to anorthite.

III. SavssuriTE Rocks. — Alkali (soda) bearing, but containing saussurite in place
of a feldspar.

1V. Wirgoutr FELDSPAR, OR WITH VERY LITTLE.

1. Garnet, Epidote, and Tourmaline Rocks.-

2. Hornblende, Pyroxene, and Chrysolite Rocks.

V. HYDROUS MAGNESIAN AND ALUMINOUS ROCKS.

1. Siliceous Rocks.

QUARTZYTE, GRANULAR QUARTZ. — A siliceous sandstone, usually very firm, occurring
in regions of metamorphic rocks. It does not differ essentially from the harder siliceous
sandstones of other regions. Conglomerate beds are sometimes included.

Varteties. — a. Massive. b. Schistose. c. Micaceous (*‘Greisen’). d. Hydromica-
ceous. e. Feldspathic, and sometimes Porphyritic (then called by some, Arkose).
f. Friable. g. Flexible (Itacolumyte). h. Andalusitic. 1. Ottrelitic. j. Tourmalinic,
containing tourmaline. k. G'neissic, it occasionally graduating into gneiss.

Siviceous Suate (Phthanyte). —Schistose, flinty, not distinctly granular in texture.
Sometimes passes into mica or hydromica schist.

CHERT. — An impure flint or hornstone occurring in beds or nodules in some stratified
rocks. It often resembles felsyte, but is infusible. Colors various. Sometimes odlitic.
Kinds containing iron oxide graduate into jasper and clay-ironstone.

JasreEr Rock. — Dull red, yellow, brown, or green, or of some other dark shade,
breaking with a smooth surface like flint. Consists of quartz, with more or less clay and
oxide of iron. The red contains the oxide of iron in an anhydrous state, the yellow in a
hydrous; on heating the latter, it turns red.

Bunarstoxe. — A cellular siliceous rock, flinty in texture. TUsed for millstones.
Found mostly in connection with Tertiary rocks, and formed apparently from the action
of siliceous solutions removing fossils and so making the cavities. The best is from near
Paris, France.

Froryrte (Siliceous Sinter, Pearl Sinter, Qeyserite). — Opal-silica, in compact, porous,
or concretionary forms, often pearly in luster; made by deposition from hot siliceous
waters, as about geysers (geyserite), or through the decomposition of siliceous minerals,
especially about the fumaroles of volcanic regions. Geyserite is abundant in Yellowstone
Park, about the Iceland geysers, and in the New Zealand geyser region.

II. Rocks having Alkali-bearing Minerals as Chief Constituents.
1. The Potash-feldspar and Mica Series.

GrANITE. — Metamorphic and eruptive. Consists of feldspar, mica, and quartz ; has
no appearance of layers in the arrangement of the mica or other ingredients. The
quartz usually grayish or smoky, glassy, and without any appearance of cleavage. The
feldspar commonly whitish or flesh-colored, less glassy than the quartz, and cleavable in
two directions ; the mica in very cleavable scales.

Metamorphic granite is common in Connecticut and other parts of New England,
where it may be often seen graduating into gneiss, or in alternating layers with it.

Varieties. —There are, A, Muscovite-granites; B, Muscovite and Biotite granites;
C, Biotite-granites ; D, Hydromica granite. The most of the following varieties occur
under each except the hornblendic, which is usually a Biotite or Muscovite and Biotite
granite. a. Common or ordinary granite. Color, grayish or flesh-colored, according as
the feldspar is white or reddish, and dark gray when much black mica is present.
Varies in texture from fine and even to coarse ; sometimes the mica, feldspar, and quartz
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— especially the two former —in large crystalline masses. b. Porphyritic; has the ortho-
clase in defined crystals, and may be () small-porphyritic, or (8) large-porphyritic, and
have the base (v) coarse granular, or (8) fine, and even subaphanitic. c. Albitic; con-
tains some albite, which is usually white. d. Oligoclase granite (Miarolyte); contains
oligoclase. e. Microcline granite; contains the potash triclinic feldspar, microcline.
f. Hornblendic; contains black or greenish black hornblende, along with the other con-
stituents of granite. g. Black micaceous granite; consists largely of mica, with defined
crystals of feldspar (porphyritic), and but little quartz. h. Chloritic. i. Zirconitic.
j. Tolitic. k. Spherophyric or globuliferous; contains concretions which consist of mica,
or of feldspar and mica. 1. Gneissoid; a granite in which there are traces of stratification ;
graduates into gneiss.

GraNvLYTe (Leptynyte). — Metamorphic and eruptive. Like granite, but containing
no mica, or only traces.

Varieties. —a. Common granulyte; white and usually fine granular. b. Flesh-
colored; usually coarsely crystalline, granular, and flesh-colored. e¢. Garnetiferous.
d. Hornblendic; containing a little hornblende —a variety that graduates into syenyte.
e. Magnetitic; containing disseminated grains of magnetite. f. Graphic,; quartzophyric
(Pegmatyte), the quartz looking like Persian cuneiform characters over the cleavage-
surface of the feldspar ; sometimes coarse crystallizations of mica.

GxNEIss. — Metamorphic ; may be also altered eruptive. Like granite in constituents,
but with the mica and other ingredients more or less distinctly in layers, gneiss and
granite being closely related rocks. Gneiss breaks most readily in the direction of the
mica layers, and thus affords slabs, or is schistose in structure.

Varieties. — Most of them are similar to those under granite. a. Granitoid.
b. Strongly schistose and micaceous. c. Muscovite gneiss; not common. d. Muscovite-
biotite gneiss. e. Biotite gneiss. f. Albitic. g. Oligoclase-bearing. h. Hornblendic.
i. Epidotic. j. Garnetiferous. k. Andalusitic, or containing andalusite in disseminated
crystals. 1. Cyanitic; contains cyanite. m. Fibrolitic. n. Quartzose; the quartz largely
in excess. 0. Quartzytic, consists largely of quartz in grains, and intermediate between
quartzyte and gneiss. p. Porphyritic. q. Spherophyric. r. Quartzophyric; containing
quartz in defined crystals in a fine-grained base.

Some gneiss is very little schistose, being in thick, heavy beds, granite-like, while
other kinds, especially those containing much mica, are thin-bedded, and very schistose ;
the latter graduate into mica schist.

Gre1seN (Hyalomicte). — A micaceous quartz-rock, at Zinnwald, where it sometimes
contains tin ore.

ProOTOGINE, PROTOGINE GNEIss. — Granite or gneiss-like, but containing some hydro-
mica, or chlorite, or both.

MiINETTE, ORTHOLYTE.'— A fine-grained rock consisting of mica and orthoclase with-
out quartz (mica-syenyte). The Vosges, France.

Mica Scuist. — Metamorphic. Mica, with usually much quartz, some feldspar. On
account of the mica usually thin schistose. Either or both muscovite and biotite present,
and the latter (black mica) commonly much the most abundant. Colors silvery to black,
according to the mica present. Often crumbles easily, and roadsides sometimes spangled
with the scales.

Varieties. — a. Ordinary. b. Gneissoid ; between mica schist and gneiss, and
containing much feldspar, the two rocks shading into one another. c¢. Hornblendic.
d. Garnetiferous. e. Staurolitic. f. Cyanitic. g. Andalusitic. h. Fibrolitic,; containing
fibrolite. i. Tourmalinic. j. Ottrelitic. k. Calcareous, limestone occurring in it in occa~
sional beds or masses. 1. Graphitic or Plumbaginous; the graphite being either in scales,
or impregnating generally the schist. m. Quartzose; contains much quartz. n. Quartzytic;
a quartzyte with more or less mica, rendering it schistose. o. Specular, or Itabyryte ; con-
taining much hematite or specular iron in bright metallic lamell® or scales.
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HyproMica ScHIST OR SLATE.— Metamorphic. Thin schistose, consisting either
chiefly of hydrous mica, or of this mica with more or less quartz; having the surface
nearly smooth ; feeling greasy to the fingers; pearly to faintly glistening in luster;
whitish, grayish, pale greenish in color, and also of darker shades. This rock used to be
called talcose slate, but, as first shown by C. Dewey, it contains no talc. It includes
parophite schist, damourite slate, and sericite slate (glanz-schiefer, sericit-schiefer, and
part of the glimmer-schiefer of the Germans).

Varieties. — a. Ordinary; more or less silvery in luster. b. Chloritic; contains
chlorite, or is mixed with chlorite slate, and has therefore spots of olive-green color;
graduates into chlorite slate. c¢. Garnetiferous. d. Pyritiferous; contains pyrite in dissemi-
nated grains or crystals. e. Magnetitic; contains disseminated magnetite. f. Quartzytic;
consists largely of quartzyte, or is a quartzyte rendered schistose and partly pearly by the
presence of a hydrous mica. Includes the argillyte or clay-slate which has the composi-
tion nearly of a hydrous mica, like that of the White Mountain Notch, where much
of it is andalusitic.

AGALMATOLYTE ( Gieseckite, Pinite). — Compact ; cut with a knife ; composition that
of the hydrous mica, damourite. Derived mostly from the alteration of nephelite. —
From the Archzan of Lewis County, N.Y. (Dysintrybyte), China, etc.

ParAGONITE ScHist. — Metamorphic.  Consists largely of the hydrous soda mica
called paragonite ; but in other characters resembles hydromica slate.

Fevsyte (Euryte, Porphyry, DPetrosilex). — Eruptive and metamorphic. Compact
orthoclase with often some quartz intimately mixed, flint-like in fracture. Opaque.
Colors grayish white to red and brownish red. G = 2-56-2-7.

Varieties. —a. Non-porphyritic; of various colors. b. Black, rare. c. Porphyritic
Felsyte, or Porphyry, Orthophyric; containing the feldspar in small crystals distributed
through the compact base ; color red, and of other shades. d. Quartzophyric; containing
quartz in grains; often called Quartz-porphyry. e. Quartzless. f. Spherophyric, the
Pyromeride of Corsica.

PORCELANYTE OR PORCELAIN JASPER.— Metamorphic. Baked clay, having the
fracture of flint, and a gray to red color: it is somewhat fusible before the blowpipe, and
thus differs from jasper. Formed by the baking of clay-beds, when they consist largely
of feldspar. Such clay-beds are sometimes baked to a distance of thirty or forty rods
from a trap dike, and over large surfaces, by burning coal-beds.

Mica-tracuYTE. — Eruptive. Consisting of orthoclase and black mica, with some
orthoclase augite, chrysolite, and glass. Dark grayish green. Mount Catini.

Tracuyre (Sanidin-trachyte). — Eruptive. Ash-gray, brownish, bluish, rarely red-
dish. G =26-2-7. Consists mainly of orthoclase, often with disseminated crystals of
the glassy tabular variety called sanidin. Named from the Greek for rough, in allusion
to the rough surface of fracture. Differs from felsyte in containing some glass, and a
rougher surface. Graduates into the following.

RHYOLYTE, QUARTZ-TRACHYTE. — Eruptive. Like the preceding in colors, but con-
taining quartz, and sometimes passing into a coarsely crystallized variety called Nevadyte
(from Nevada). Common in the Rocky Mountain region and west of it. Pearlyte and
Lithoidyte are more or less glassy varieties — between glass and stone; and pitchstone is
another similar variety, pitch-like in luster. These graduate into the following.

OmsipiaN ( Volcanic glass). — Eruptive. A true volcanic glass, but more or less
microlitic. Colors grayish black, gray, purplish to red, brown. Sometimes orthophyric ;
often contains spherulites, which are 70-75 per cent silica. Pumice is a scoriaceous
variety with linear cells. Constitutes a high bluff in the northwest part of the Yellowstone
Park, north of Beaver Lake, which has a top of pumice, and also a large area east of the
bluff ; cavities in Obsidian bluff often lined with crystals of sanidin, tridymite, quartz, and
sometimes of fayalite.
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2. Potash-feldspar and Hornblende or Pyroxene Series.

SyENYTE (Syenite of Werner). — Eruptive, metamorphic ; granite-like, coarse to fine.
Gray to flesh-red and dark gray. Consists of orthoclase, with often microcline and
hornblende and little or no quartz ; biotite and oligoclase often present. G = 2-7-2°9.
From Plauen-Grund, Saxony, etc. Nearly all American syenyte is quartz-syenyte.

QUARTZ-SYENYTE (syenite of most early geologists, hornblende-granite, syenite-granite).
— Eruptive and metamorphic. Like syenyte, but containing quartz. Silica 70 to 80 per
cent. The name syenite is from Syene in Egypt, where a red granite graduating into
quartz-syenyte occurs, and is the material used by the ancient Egyptians for the exterior
lining of obelisks, etc.

SYENYTE-GNEIss. — Metamorphic, eruptive. Like gneiss in aspect and schistose struc-
ture, and also in constitution, except that hornblende replaces mica. Common in Archean
regions, as the New Jersey Highlands, the Adirondacks, etc. Graduates into Hornblende-
schist, a schistose rock consisting chiefly of hornblende.

AvuGITE-SYENYTE. — Eruptive. Like syenyte, but containing, with the orthoclase,
pyroxene in place of hornblende. A kind free from quartz occurs at Jackson, N.H.; in
southern Norway. Monzonyte is stated to be a variety of augite-syenyte.

AUGITE-QUARTZ-SYENYTE (Augite-granite). — Metamorphic ; igneous. Like the pre-
ceding, but containing quartz ; the augite in part altered to hornblende, and thence in all
stages of gradation down to a hornblende-syenyte. The gneissic variety is common in
Wisconsin, much more so than the granitoid.

UxakyTE. — A flesh-colored, granitoid rock consisting of orthoclase, quartz, and epi-
dote. From the Unaka Mountains, Madison County, N.C., and Cooke County, E. Tenn.

3. Potash-feldspar and Nephelite Rocks, Hornblendic or not.

ZIRCON-SYENYTE. — Like syenyte. A crystalline granular rock consisting of ortho-
clase, microcline, eleolite, little hornblende, crystals of zircon ; often also sodalite, &gyrite,
eudialyte, etc. From Norway ; Marblehead Peninsula, Mass., containing sodalite.

FovayTe. — Eruptive. Coarse, crystalline granular to aphanitic. Consists of ortho-
clase, nephelite, hornblende, or ®gyrite, with often sodalite, etc. From Mounts Foya and
Picota in Portugal, making a dike; on eastern slope of Blue Mountain, New Jersey,
between Beemersville and Libertyville.

MiascYTE. — Granitoid to schistose. Consists of microcline, elzolite, biotite, with
some quartz; often also zircon, monazite, sodalite, cancrinite, etc. From Miask, Ilmen
Mountains ; Pic Island, Lake Superior ; Litchfield, Maine.

Ditroyre. — Coarse to fine-grained. Consists of microcline, nephelite (eleolite),
and sodalite. From Ditro, Transylvania. .

Proxovyte (Clinkstone).— Eruptive. Compact, more or less slaty in structure.
Gray, grayish blue, brownish. Usually clinking under the hammer like metal when struck
(and thence the name). G = 2-4-2-7. Consists of glassy orthoclase, with nephelite and
some hornblende. In Colorado, Auvergne, Breisgau, Bohemia.

4. Leucite Rocks, with or without Augite.

Usually some sanidin (orthoclase) is present, and often also nephelite and labradorite.

AwnpuIGENYTE (Leucitophyre). — Eruptive. Contains augite, like doleryte, but leucite
(called sometimes amphigene) replaces the feldspar. Often contains chrysolite, nephelite,
sanidin, labradorite, brown mica, with sodalite, etc. Dark gray, fine-grained, and more
or less cellular to scoriaceous. G 2:5-2°9. The leucite is disseminated in grains or in
24-faced crystals. Constitutes the lavas of Vesuvius and some other regions.

LEUCOTEPHRYTE. — Eruptive. Like the above, and occurring in the same regions,
but containing much labradorite.
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Levcrryre. — Eruptive. Consists chiefly of leucite, with a very little augite and
some biotite. Color, greenish gray. From Point of Rocks, Wyoming.

5. Soda-lime-feldspar and Mica Rocks.

KersantyTeE (Mica-dioryte, Mica-porphyryte, Soda-granite). — Granite-like to fine-
grained. Grayish to brown and grayish black. Consists chiefly of oligoclase and biotite,
with usually some hornblende, orthoclase, magnetite, apatite. Graduates into dioryte.
Occurs granitoid at Stony Point, on the west side of the Hudson River, and near Crugers,
nearly opposite ; in the Vosges.

6. Soda-lime-feldspar and Hornblende or Pyroxene Rocks.

These basic rocks vary in the kind of feldspar present; in texture, from coarse
granite-like to aphanitic and scoriaceous, even in the same kind of rock; in composition,
through alteration of the pyroxene, in many cases, to hornblende, making them horn-
blende rocks ; and also in the alteration, in many cases, of the pryoxene and chrysolite,
when these are present, to serpentine. The dark-colored igneous kinds are conveniently
called trap. '

DiorYTE, QUARTZ-DIORYTE ((reenstone in part). — Metamorphic and eruptive. Typi-
cal dioryte, consisting chiefly of oligoclase and hornblende, with often some orthoclase
and biotite. Colors, gray, dark gray, grayish black, green, greenish black, and also red.
Chlorite usunally present, and sometimes epidote, in green varieties. Often contains dis-
seminated quartz. No glass is present. Varies in texture from granite-like to aphanitic.
In the coarse granite-like dioryte of Crugers the crystals of hornblende are sometimes 4
inches long. G = 2-66-3.

A compact aphanitic kind, of a red color, is the typical red porphyry, or Rosso antico
( porphyryte), of Egypt. That of Crugers graduates into kersantyte, by loss of hornblende
and increase of biotite. Dioryte Schist is a metamorphic, slaty rock, having the compo-
sition essentially of dioryte.

AvuGITE-DIORYTE. — Eruptive. Consists of augite and oligoclase with little horn-
blende. Augite often more or less changed to hornblende, making a hornblende-dioryte
or the above-described dioryte. No glass. Colors, dark gray to greenish black and
black.

A fine-grained rock between Peekskill and Crugers, on the Hudson, consisting of
oligoclase and hypersthene, is essentially a hypersthene-dioryte, although called noryte. The
hypersthene is often altered to hornblende, as ascertained by G. H. Williams. Ophyte, a
fine-grained greenish black rock of the Pyrenees, related to augite-dioryte in composition.

LasravioryTE (Labradorite-dioryte, Metadiabase, Hawes). — Metamorphic and erup-
tive.  Consists of labradorite (or anorthite) and hornblende with some chlorite and
magnetite. A fine-grained, grayish green to greenish black and black rock, sometimes
porphyritic. No glass present. G = 2:8-3-1. Occurs west of New Haven, Conn., as a
part of the metamorphic chloritic hydromica schist of the region, evidently metamorphic.
G. W. Hawes obtained in analyses (1876) : Silica 48-20, alumina 14-12, iron sesquioxide
2, iron protoxide 7.41, manganese protoxide 1-24, lime 1150, magnesia 8- 19 soda 2-60,
potash 0-23, titanic acid 158, water 2:20 = 99-27. In the Urals.

ANDESYTE (Hornblende-andesyte). — Eruptive. Consists of oligoclase or andesyte
and hornblende, with often some orthoclase and biotite. Dark or light green to gray,
sometimes purplish. Has the aspect mostly of trachyte, but varies from granitoid to
scoriaceous and glassy, even in the same eruptive mass, at Washoe, as ascertained by
Hague and Iddings.

Dacyre (Quartz-andesyte). — Eruptive. Like the above, but contains disseminated
quartz, and often much of it. Graduates into the orthoclase rock, quartz-trachyte or
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rhyolyte. From Eureka, Nev., and other parts of the Rocky Mountain region ; also from
the Andes of Cotopaxi, Chimborazo, etc.

Propylyte is altered andesyte.

AUGITE-ANDESYTE. — Eruptive. Like andesyte, but containing augite in place of
hornblende, or in part hypersthenic ; augite or hypersthene often altered to hornblende,
often chrysolitic. = Texture, crystalline-granular to aphanitic and fluidal and glassy.
Reported from the Great Basin. A chrysolitic variety is one of the rocks that have been
called melaphyre. .

HypErsTHENE-ANDESYTE. — Eruptive. Like the preceding, but containing hyper-
sthene in place of augite or hornblende. Buffalo Peaks, Col.; Mount Shasta, etc.

HyperyTe (Noryte in part, Hypersthene-gabbro). — Consists chiefly of labradorite
or anorthite and hypersthene, with usually some pyroxene, biotite, and magnetite, and
sometimes chrysolitic. Occurs west and northwest of Baltimore, Md.; in the Hartz,
Norway, etc.

Gasbro. — Eruptive, metamorphic, granitoid. Consisting, like the following, chiefly
of labradorite and pyroxene, the latter often a foliaceous (diallagic) variety ; some horn-
blende often present, also magnetite and ilmenite ; sometimes chrysolite, which is often
changed to serpentine. Color, dull grayish, flesh-red to brownish and gray. G =2-7-3-1,
least when the proportion of pyroxene is small. Quartz-gabbro, containing disseminated
quartz, occurs in northeastern Maryland and northern Delaware.

The name gabbro is of Italian origin; but it is used in Italy, as it has long been, for a
green serpentine rock. And gabbro-rosso is a red altered variety of the same.

DoreEryTE (Trap). —FEruptive. Texture varying from granitoid to aphanitic and
glassy, scoriaceous and volcanic. Consists of labradorite and pyroxene, the latter some-
times foliaceous. A kind found at Lassens Peak contains much quartz in disseminated
grains, and is a quartz-doleryte (Diller). G =2-8-3'1. Color, dark gray to grayish black,
greenish black, and brownish to black. Structure frequently columnar, often chrysolitic.
Chrysolitic kind sometimes altered to impure serpentine. Ordinary trap often altered
to a hydrous, chloritic trap, often also amygdaloidal, with feeble luster and of easy
decomposition. Includes three sections: (1) Diabase, containing no glass in the base
and no chrysolite. (2) Doleryte, containing glass in the base, but no chrysolite.
(3) Basalt, containing usually more or less glass, also chrysolite.

The trap of the Palisades, Connecticut River, and other parts of the Triassic of
eastern North America belongs here, and much of that of the copper region of Lake
Superior. There is a fine exhibition of columnar trap at Orange, N.J. (Fig.221, page 262).
The name melaphyre has sometimes been used for chloritic trap. Diabase-schist is a slaty
form of diabase, probably metamorphic.

TAcHYLYTE. — Eruptive. A black basalt-glass, found in connection with basalt lavas.

CamproNYTE. — Rock resembling diabase and doleryte. Consisting of hornblende
(as an original mineral of the rock) and probably anorthite, the analysis affording only
41 to 44 per cent of silica (Hawes, 1876 ; Kemp, 1889). From Campton Falls, N.H., and
near Whitehall, N.Y.

Evcryre. —Eruptive. A doleryte-like rock, consisting chiefly of anorthite and augite,
with sometimes chrysolite. Granitoid to aphanitic, and as a lava. Elfdalen, Norway ;
Puy de Dome, France ; etc.

CorsYTE (Orbicular Dioryte). — Eruptive. Consists of anorthite and hornblende,
with some quartz and biotite. Contains large concretions consisting of anorthite and
hornblende, with some quartz. Corsica; the Shetlands, etc.

ANOrRTHITYTE (Anorthite Rock of Irving). — Eruptive. Crystalline granular. Con-
sists largely of anorthite, or a feldspar near it in composition, and is of a light gray color
to white or faintly greenish. North shore of Lake Superior, between Split Rock River
and the Great Palisades, and in Carltons Peak, near the mouth of Temperance River,

NepHELINYTE (Nepheline-doleryte, Tephryte). — Nephelite and augite, with some
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magnetite. A chrysolitic variety has been called nepheline-basalt. Ash-gray to dark
gray. Often contains leucite, haiiynite, sanidin, etc. At Katzenbiickel ; Lifel, etc.

TrscHENYTE. — Consists chiefly of anorthite or labradorite, nephelite, hornblende,
and augite. Felsitic in texture. The hornblende sometimes in large black prisms. Dark
bluish green. From Teschen, Silesia.

ITI. Saussurite Rocks.

Eurnorins (Gabbro in part). — Grayish white to grayish green or olive green, and very
tough. Consists of saussurite, with diallage or smaragdite. G =2-9-3-4. A result of
the alteration of a labradorite and pyroxene or other related feldspar-bearing rock, in
which the feldspar is changed to the tough aphanitic mineral, saussurite (page 65). Cleav-
age of the feldspar sometimes retained, and found graduating into this feldspar in some
cases. Chrysolite often present ; and by its alteration, serpentine is sometimes abundant
in connection with it. Occurs near Lake Geneva in Savoy ; Mount Genévre in Dauphiné ;
Corsica in the Orezza valley ; Isle of Unst, etc.

IV. Rocks without Feldspar.

1. Garnet, Epidote, and Tourmaline Rocks.

GARNETYTE (Garnet Rock).— Metamorphic. Massive, fine-grained. Yellowish or
buff to greenish white. Tough. G =3-3-3:564. This rock is the much-used, pale, buff-
colored razor stone of Viel Salm, in Belgium, the best of stones for razors. It is a man-
ganesian garnet. It makes layers in a hydromica (sericite) schist. Occurs also as an
alumina-lime garnet at St. Frangois and Orford in Canada.

EcrocYTE (Omphacyte).— Metamorphic. Fine-grained, granular. Consists of red
garnet in a base of grass-green smaragdite, with occasionally zoisite, actinolite, and mica.
Very tough. Also with black or greenish black hornblende and some magnetite.

EriposyTE. — Metamorphic. Compact, and very tough and hard. Pale green to

yellowish green. Consists of epidote and quartz. A pale, yellowish variety from the
Shickshock Mountains, Gaspé. H =7 and G = 3-3-09.
- Tourmaryre (Schorl Rock).— Metamorphic. Consists of tourmaline and quartz,
with often chlorite and mica. Granular and compact to schistose. Occurs massive in
Cornwall, with tin ore; schistose at Eibenstock in Saxony ; in Marble Mountains, and
Ragged Ridge, Warren County, N. J.

2. Hornblende, Pyroxene, and Chrysolite Rocks.

Pryroxenyre. — Eruptive. Consists of black pyroxene. Coarse granular, or fine,
sometimes chrysolitic. Cortlandt, N.Y., and Stony Point, on the opposite side of the
Hudson.

PicryrE. —Eruptive. Consists of chrysolite, with pyroxene or diallage or hyper-
sthene. Blackish green, grayish to brownish red. Often partly changed to serpentine.
Graduates into chrysolitic basalt. From the Fichtelgebirge.

Luerzovyre. — Eruptive. Consists of chrysolite, enstatite, whitish pyroxene, chrome-
spinel (picotite), and sometimes garnet. Changed more or less to serpentine. From
L. Lherz.

HorxeLENDYTE. — Eruptive or metamorphic-eruptive. Consists chiefly of hornblende
(which is generally altered aungite), with usually chrysolite. Massive or somewhat schis-
tose ; coarsely or finely crystalline. Cortlandt and Stony Creek, N.Y.

HorNBLENDE-PICRYTE. — Usually or always metamorphic-eruptive. Consists of horn-
blende (mostly or wholly altered angite) and chrysolite, with magnetite, the chrysolite
changed to serpentine ; usually more or less pyroxene. Coarse or fine crystalline granular.
Greenish black and dark gray. From Anglesey and Carnarvonshire.
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DoxyTE, PERIDOTYTE. — Eruptive and metamorphic. Consists almost wholly of
chrysolite. Often changed in part or wholly to serpentine. G = 3-31. From Mount
Dun, New Zealand ; Macon County, N.C.

AMPHIBOLYTE. — Metamorphic. Consists chiefly of hornblende, with more or less
quartz, and sometimes chlorite. Coarse or fine-grained ; hornblende sometimes acicular.
Massive or schistose. Graduates often into chlorite schist and mica schist. Aetinolyte
consists chiefly of green actinolite. Bernardston, Mass., and Vernon, Vt.

GLAUCOPHANYTE. — Metamorphic.  Consists chiefly of the blue soda-bearing horn-
blende-like mineral glaucophane, with some black mica; sometimes epidotic. From
Saxony ; Isle of Syra ; New Caledonia ; California.

V. Hydrous Magnesian and Aluminous Rocks.

Curorite ScHist. — Metamorphic.  Schistose. Dark green to grayish green and
greenish black. Little greasy to the touch. Consists largely of chlorite, with usually
some quartz and feldspar intimately blended. Often contains magnetite in crystals.

CHLORITE-ARGILLYTE. — Metamorphic. An argillyte-like rock (phyllyte) consisting
chiefly of chlorite.

Tarcose Scuist. — Metamorphic. Schistose. Feels soapy. Consists chiefly of talc.
Not common except in local beds, most of the so-called ‘¢ talcose slate’’ being hydromica
(sericite) schist.

StEATYTE (Soapstone). — Metamorphic. Schistose or massive. Consists of tale, often
with impurities. Gray to grayish green, white. Easily cut with a knife.

SERPENTINE. — Metamorphic. Massive. Aphanitic. Easily scratched with a knife.
Oil-green, dark green to greenish black; also of pale shades to whitish. Feels a little
greasy, especially the powder. This metamorphic rock has been made from various chrys-
olitic, augitic and hornblendic rocks that were both of eruptive and metamorphic origin.

OpnurovyTE ( Verd-antique). — Metamorphic. Limestone or marble colored with or
containing disseminated serpentine ; clouded or spotted with green. West of New Haven,
Conn. ; Port Henry, Essex County, N.Y.

PYROPHYLLYTE ScHIST. — Schistose or massive. Microcrystalline or aphanitic. Feels
soapy and looks like a whitish or greenish steatyte, but consists of the hydrous aluminous
mineral, pyrophyllite, whose atomic or oxygen ratio is the same as that of the hydrous
magnesian mineral, tale. Deep River region, N.C.

II. TERRANES: THEIR CONSTITUTION, CHARACTERISTICS,
POSITIONS, AND ARRANGEMENT.

More than nine tenths of the rocks of the earth’s surface are fragmental
in origin. From the time of the first existence of an ocean, the formation
of fragmental deposits, through the grinding action of waves and currents,
fresh-water streams and winds, aided by the natural decay of the rocks,
has gone forward wherever there were rocks exposed to this action. Thus
beds of sand, gravel, mud, or clay —that is, fragmental deposits — have
been forming, when the conditions favored, through all the geological ages.
And those of ancient sea-borders, rivers, valleys, lakes, and plains are like
the modern in all respects, even to the frequent ripple-marks over the sur-
face of beds, and the oceasional footprints of animals. Wherever igneous
ejections have filled the air with voleanic sand or ashes for the winds to
drift away, this sand has added to the material of fragmental deposits.
Wherever there was nothing for the moving waters to grind up except shells,
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corals, and other calcareous relics of living species, these relics of the seas
have been ground up, as now in coral and shell-growing seas, and made into
limestones ; for limestones are for the most part fragmental rocks.

The metamorphic erystalline rocks, as already stated, are only fragmental
rocks metamorphosed or crystallized. The alteration in some mountain-
making epochs has changed fragmental formations thousands of feet in
thickness over many thousands of square miles in area. The borders of
such areas are usually less altered than the interior portions; and hence
in many places the transition may be passed over, in the course of a score
or two of miles, from the simply solidified strata of the outskirts and the
faintly crystalline slates and limestone, to the thoroughly crystalline mica
schist, gneiss, and marble; and sometimes to granite in masses or veins as
an extreme effect.

Chemical deposits, or deposits from solution in fresh or salt waters, have
added sparingly to the stratified series, and the outflows of igneous rocks
from fissures or volcanic rents have made other large additions. Part of such
ejections go to make independent conical mountains; but the larger part
are in successive sheets interstratified or overlying other formations.

Of these materials, all are of superficial origin excepting the igneous;
these are contributions to the surface from the earth’s interior.

Besides stratified terranes, there are also vertical or obliquely placed
sheets of rock cutting across the former. They are the fillings of opened
cracks or fissures made across the terranes, and comprise dikes and weins.
They have great geological and economical importance because of the gems
and ores which veins and dikes have made accessible to man, and because
dikes are the inferior portions of great igneous outflows, and reveal some-
thing as to the earth’s interior. But they are of small extent compared with
the stratified terranes, and will be considered under Dynamical Geology.

Formations. — From the explanations that have been given it is apparent
that any group in the series of stratified rocks, whether large or small, may
be called a formation, if the parts are related in period or time of origin;
as, for example, the Devonian formation, or those of the Devonian era; the
Chemung formation, or those of the Chemung period under the Devonian;
and so on. The term is also used for a group of rocks of similar constitu-
tion; as a calcareous formation, a siliceous formation, ete. The term terrane
(from the Latin ferra, earth, and the French terrain) has essentially the
same signification as formation. Formation is commonly used for stratified
terranes.

STRATIFIED FORMATIONS.

1. Structure and Characteristics. _

The series of stratified formations over the globe has a maximum thick-
ness of about 30 miles. But the existing thickness in any one place is
seldom even 10 miles. Since rocks are mostly water-made, and for the
larger part originated in oceanic waters of moderate depth, wherever any
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region has remained for ages as permanent dry land, without interior seas,
little or no deposits have been made over the surface; and the little has
come through the winds or rains or igneous ejections. So, also, where the
deep oceans have been located, the deposits have been relatively thin. The
earth’s coat of stratified material is hence a very irregular and ragged one.

In the description of a formation, the term stratum (from the Latin for
bed, strata in the plural) is used for each section of the formation that
consists throughout of approximately the same kind of rock-material. Thus
if shale, sandstone, and limestone succeed one another in thick masses, each
is an independent stratum. A stratum may consist of an indefinite number
of beds, and a bed, of numberless layers. But the distinction of layer and
bed is not always obvious.

The series of formations in the earth’s structure is divided into series,
groups, sub-groups, and stages, according as breaks in the history of higher
and lower grade may require. The series are the grander divisions; e.g.,
the Devonian series, the Carboniferous series. The study of the succession
of strata or of beds in the rocks of a region, in order to ascertain their origi-
nal order and the characteristics of the beds, is a stratical or stratigraphical®
investigation. The following are some illustrations: —

Fig. 59 represents a section of the strata as exhibited along Genesee
River, at the falls near Rochester. The height of the section is 400 feet.
(1) The stratum at bottom is sandstone; next above it (2) lies a hard, gray
stratum, which has been called the Gray
Band. On this rests (3) a thick stratum of
greenish shale, fragile and imperfectly slaty;
and (4) a compact limestone. Above this
() is another greenish shale, much like that
below ; then (6) another great stratum of
limestone; (7) another thicker stratum of
shale; and, finally (8), at the top, is limestone wholly different from those
below. The transition from one stratum to another is quite abrupt; and,
moreover, each may be traced for a great distance through the adjoining
country. It must be here remembered that these transitions in the rocks
indicate extended changes in the conditions of the rock-making seas; that
when a pure limestone was in progress, the sea was free from currents
bringing in mud or sediment; when making shale, the currents carried in
fine sediment ; when sand, a coarser sediment; so that alternations in depth,
limits, and exposure to waves and currents, or not, through the successive
periods, were the source of the alternations in the strata.

The succession of strata in stratified rocks is exceedingly various. In
other sections, as at Trenton Falls, N.Y., there are only limestones in sight;
but, were the rocks in view to a much greater depth, sandstone would be
seen. In still other regions, there are alternations of conglomerates and

1The latter adjective is a mongrel word, half Latin and half Greek; but it has probably
been too long used to be displaced.
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shales; or conglomerates with shales and coal-beds; or conglomerates with
limestones and sandstones; or shales and sandstones alone.

The thickness of each stratum also varies much, being but a few feet in
some cases, and hundreds of feet in others; and the same stratum may
change in a few miles from 100 feet to 10, or disappear altogether, or change
from one of shale, or of limestone, to one of sandstone, and so on. In the
Coal-formation of Nova Scotia there are 15,000 feet of stratified beds, con-
sisting of a series of strata mainly of sandstones, shales, and conglomerates,
with some beds of coal; and in the Coal-formation of Pennsylvania there are
6000 to 7000 feet of a similar character.

In many cases a bed of limestone thins out at short intervals, and is thus
in isolated pieces, 100 to 1000 feet, or more, long, called lenticular masses,
shale or sandstone occupying the in-
terval. This results from the varying
conditions in the seas in which the beds
were made, some portions being favor-
able for the animals that make shells
and other calcareous materials from
which limestones are formed, when the
larger part is unfavorable. Such lenticular masses (ab, cd, ef, Fig. 60) may
consist of iron-ore, such ores being often deposited locally in marshes or
shallow basins, on sea-borders, as well as in interior ponds or shallow lakes.

A seam is a thin layer intercalated between layers and differing from
them in composition. Thus, there are seams of coal, of quartz, of iron-ore.
Seams become beds, or are so called, when they are of considerable thick-
ness ; as, for example, coal-beds. Such seams are sometimes popularly, but
wrongly, called veins.

The beds or layers of rock may be (1) massive, that is, of great thickness
without division into subordinate layers; or (2) thick-bedded, or (3) thin-
bedded, or (4) laminated, or (5) shaly. The flagging-stone, much used in
Eastern cities of this country, is a good example of a laminated sandstone.
Such a variety of sandstone is often called flags.

(6) Straticulate structure is one made up of very thin and even layers,
separable or not, as a bed of slate, a bed of clay in a river-valley, stalagmite,
and agate. It is often called a banded structure.

(7) Slaty structure is much like shaly, and frequently a shale is called a
slate. But the shale is straticulated parallel to the planes of deposition, and
the structure is due more or less to the pressure of the overlying material;
while slate (roofing-slate) has much more even layers, with a smoother
surface, and has derived the slaty structure from lateral pressure, as
explained beyond (page 112).

(8) A cross-bedded structure characterizes a layer when it is obliquely
laminated, as in three of the layers in Fig. 61. Such layers generally
alternate with horizontally bedded layers. This style of bedding is made
by a strong movement of a current over a sandy bottom, as in the move-

60.
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ment of the tidal waters out of an estuary or of a stream over a sand-bed.
It has been called current-bedding. The water, as it moves on, pushes up
some of the sand before it, and then keeps depositing the sand over the
front slope of the little elevation so made, pro-

ducing on the slope a series of thin layers 61.

pitching at an angle usually of 20° to 35° in
the direction of the flow. During a time of
quiet following, as the ebb of the tide, slower
deposition may make a layer that is horizon-
tal in bedding; and thus the cross-bedded
layer is often made to alternate with the
horizontal.

(9) In the flow-and-plunge structure the cross-bedded layer is broken up
into curving wave-like parts, as shown in Fig. 62. This effect is produced
when there is a wave-like plunging action in the rapidly flowing waters and
a large supply of sand or fine gravel for deposition. One of the wave-like
parts in such a layer is usually a yard or
more long and six inches to a foot thick;
and may be much smaller, as well as very
much larger. In one place in the stratified
drift near New Haven, Conn., the thickness
was six to eight feet. The whole thickness,
in all cases, was produced by one fling of the
waters.

By studying the structure of layers, we
are enabled to determine the conditions under which rock-formations were
made ; and hence the facts have great interest to the geologist.

(10) The beach-structure is another of like interest, indicating a beach
origin. The upper part of a beach, above high-tide level, is made by the
toss of the waves, and especially in storms; and it is generally irregularly
bedded. But the lower part, swept by the tide, has usually an even seaward
slope ; and the beach deposits over it have therefore a corresponding inclina-
tion —usually 5° to 8° when the tides are low, but 15° to 18° when high.
When the sands are coral or shell sands, they become cemented into a calca-
reous sand-rock, and show well the straticulation.

(11) The wind-drift structure is of very different character. It is made
up of straticulate portions, in different positions, oblique to one another, as
in Fig. 63. A ridge of sand made by the drift-
ing winds on a coast becomes straticulate
parallel to its upper surface, because the dep-
osition by the winds is necessarily over the
surface. But if such a ridge has its upper
half shaved off obliquely in a heavy storm, =
deposition will afterward go on parallel to the new surface, and hence at an
angle with the earlier layers. By repetitions of such events the wind-drift

62.
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structure is produced. It characterizes part of the Pictured Rocks” of
the south shore of Lake Superior (Foster and Whitney’s Report, from
which the above figure was taken), and shows that the beds were not made
in deep waters, but above the sea level by the drifting winds, like the drift-
sand ridges of a windward coast.

(12) The mud-cracks made over a drying mud-flat are often preserved in
the rocks (Figs. 64 and 65), and prove the mud-flat origin of the bed.
Such cracks are necessarily shallow, as they are limited by the depth of the
mud. The cracks become filled by the sediment after a return of the waters,

{\” i | ,/ / /
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Mud-cracks. D. 49.

and into this filling a cementing solution may pass from above. If the solu-
tion is siliceous, the filling becomes harder than the rock either side, so that
when worn, the surface is one of prominent intersecting ridgelets, as in the
figures. Moreover, these ridges are generally double, the filling having
solidified against either wall of the crack until the two sides met at the
center, and became more or less perfectly united. Layers having such filled-
up mud-cracks are very common in stratified rocks.

(18) Ripple-marks (Fig. 66), a series of wavy ridgelets, precisely like
the ripples on a sand-beach, are also common in many sandstones, the oldest
as well as the latest, and are often indications of sand-flat origin, — like the
sand-flats off many seashores or in bays, though not necessarily so, since
ripples may form over the bottom as far down as oscillation in the water
extends, which may be a hundred yards or more; and they are also formed
by the winds over surfaces of loose sand.

(14) Wave-marks are faint outlinings on a bed of sandstone, like the
outline left by a wave along the limit where it dies out upon a beach,
marking the outline of a very thin deposit of sand. They have the same
kind of significance as ripple-marks, but are surer evidence that the beds are
of beach origin.
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(15) Rill-marks (Fig. 67) are still clearer evidence of a beach-made
deposit; they are the little furrowings made by the rills that flow down a
beach as the waters of a wave or tide retreat, and which become apparent
especially where a pebble or shell lies, the rising of the water upon the

pebble causing a little plunge over it and a slight gullying of the surface for
a short distance below. The figure is from a slab of thinly laminated sand-
stone of the Medina formation, New York, as described and figured by
James Hall. :

(16) Rain-prints or rain-drop impressions are indications, like mud-
cracks, of exposure above the water level at low tide, or at least a low stage
of the waters, when the bed of rock containing them was yet loose mud or
sand. A slab three by eight feet in size, now in the Yale College cabinet
(from Greenfield, Mass.), is covered throughout with such impressions; and
as the impressions are slightly oblong and oblique, they bear evidence of the
direction of the wind at the time of the short brisk shower. The slab is
crossed by a line of footprints showing that an animal of long stride
(probably a Dinosaur) walked over the mud-flat just before the shower;
for there are rain-prints in the tracks. This is an example of the
geoglyphics from which the geologist derives
facts for geological history. Another les-
son, too, comes from the rain-prints, for
they show that it rained millions of years
since.

(17) Other markings observed at Green-
field, Portland, and other places in the Con-
necticut valley, are scratches and groovings
made apparently by a floating log, one end
or branch of which dragged in the mud.
Others found there and elsewhere are the trails of Worms, and tracks of
Insects, Crustaceans, Reptiles, and other animals, all of which give instruction
in many ways.
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(18) Scratches (striee) or furrows or polished surfaces sometimes cover
rocks, which have been produced by abrasion attending movements. They
often cover the walls of fissures, and sometimes the surfaces of beds of rock;
and in such cases they are called by the miners’ term, slickensides. They
oceur also over the rocky surface of a country as a result of past or recent
glacier flows; and such are called simply glacier scratches or striee. This
subject is further explained under Dynamical Geology.

(19) Concentric structure. — In concentric structure there is an aggre-
gation of matter around a center, making, usually, spheres or flattened
spheroids, as in Figs. 69-83. The form is usually dependent on growth by
deposition from a solution around a center, so that the growth is outward,
or centrifugal. In ordinary concretions it is growth by accretion, and it
sometimes produces a series of distinet concentric layers. The forms are

69-80.

spherical (Fig. 69) ; more frequently flattened spheroids (Figs. 74, 83); and
very frequently aggregations of concretions that are symmetrical in arrange-
ment (Figs. 79, 80). Concentric layers are shown in Figs. 71 and 81. At
the center there may be, as a nucleus, a shell (Fig. 70), or a spider, or insect,
or leaf, or merely a grain of sand undistinguishable by the unaided eye. They
often form as the first step in the process of consolidation, and make a rock
consisting of concretions which may disappear when the consolidation is com-
plete. Some layers may have spherical concretions, and another above and
below flattened (Iig. 82), those beds in which filtrating waters spread with
equal facility in all directions having spherical, and those of a laminated
structure, in which the waters spread laterally most easily, having spheroidal
or flattened kinds. They are sometimes hollow rings, or contain a ball within
(Figs. 77, 78).

The kind represented in Fig. 81, in which the concretions are about as
large as peas, is called pisolite, from the Yatin for pea. A similar kind,
having the spheres about as large as the roe of fish, but not_often with con-
centric layers, is the rock oolyte. Oolyte is now forming on the Florida
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banks, and is common among the old limestones of the world. Calcareous
concretions are most common. Those of pyrite, limestone, and quartz
are also common; and many other minerals take the concretionary form.
Nodules of flint or chert in rocks are often concretions, and frequently have
a fossil as a center. )

The consolidation of a concretion is sometimes followed by further drying
from the outside inward, and in this process the interior often becomes
much cracked, as in Figs. 72, 73; and the cracks may be afterward filled
with calcite or some other material, and make septaria, the name alluding to
the division or septation of the interior. These septaria concretions occur at
times in very large flattened forms, even one to three feet in diameter, when
they are sometimes popularly called petrified turtles, from the resemblance
to the back of a turtle in the divisions; the more beautiful kinds are often
sawn into circular slabs and polished for table-tops.

Solidification from fusion often produces concretions in the mass which
sometimes consist of more or less distinct concentric layers of different
minerals, or, it may be, of a single mineral. Fig. 84 illustrates this structure
in a granite-like rock, the “orbicular dioryte” of Corsica. The pudding-
granite of Craftsbury, Vt., contains large black, ovoidal concretions, consist-
ing chiefly of black mica.

Concretions are also made by growth radially from a center, but this kind
is of inferior geological importance. The process makes attached spheres
and hemispheres, radiately fibrous or colum-
nar within. An example —in a reversed
position, in order to exhibit the interior
structure —is shown in Fig. 76.

Spheres and irregular spheroids or balls
in rocks, when hollow within and lined
with erystals, are not concretions, but in-
stead geodes; and any cavity so lined,
whatever the shape, takes this name.
Geodes are often quite large, as in the
Keokuk limestone of Iowa and Illinois,
where they have been supposed to occupy
the centers of sponges that were at some time hollowed out by siliceous
solutions, like the hollowed corals of Florida,and then lined with crystals

DANA’S MANUAL —7
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by deposition from the same or some other mineral solution. Geodes are
common in veins of ore, and also occupying the cavities of amygdaloids.

The concentric structure is produced also by consolidation progressing
tnward from the exterior — a centripetal process. Spheroidal masses of sand,
often of oblong-spheroidal, as well as other shapes, colored deeply with iron
oxide, are often hard outside, and have mere loose sand within; or they have
one or more concentric layers of ferruginous color within, or a series of
concentric shells of sand, and sometimes also a loose ball, as in Fig. 75.

A concentric structure is produced also by decomposition along fracture-
planes, when these divide a rock into small portions (as explained on page
127), and also by alternate heating and cooling (page 337).

2. Original Positions of Strata.

Strata in their original positions are commonly horizontal, or nearly so.
The level plains of alluvium and the extensive delta and estuary flats
show the tendency in water to make its depositions in nearly horizontal
planes. The deposits formed over soundings along seacoasts are other
results of sea action; @nd here the beds vary but little from horizontality.
Off the coast of New Jersey, for 80 miles out, the slope of the bottom
averages only 1 foot in 700, — which no eye could distinguish from a perfect
level. Over a considerable part of New York and the States west and south-
west, and in many other regions of the globe, the strata are actually nearly
horizontal at the present time. In the Coal-formation, the strata of which
have a thickness, as has been stated, of 5000 to 15,000 feet, there is direct
proof that the beds were horizontal when formed ; for in many of the layers
there are fossil trees or stumps standing in the position of growth, and some-
times several of these rising from the same layer.
Fig. 85 represents these tilted coal-beds ¢, ¢, with the
stumps s, 8, s. Since these trees must have grown in
a vertical position, like all others, and as now they
are actually at right angles to the layers, and parallel
to one another, they prove that the beds originally
were horizontal. The position of shell accumulations
and coral reefs in modern seas shows, further, that
all limestone strata must have been nearly or quite horizontal when they
were in the process of formation.

Variations from horizontality. — (1) Some variation from horizontality
may be produced by the slope of
the sea-bottom in certain cases; &0
and in lakes, off the mouths of
rivers (Fig. 86), quite a con-
siderable inclination may result
from the fact that the succes-
sive layers derived from the inflowing waters take the slope of the bottom
on which they fall.
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(2) The depositions of a mountain stream where it abruptly reaches a
plain make a broad low cone, stratified parallel to its surface, called an
“alluvial cone.” See page 194, under Rivers. Such fresh-water accumula-
tions have thus far been found only among recent formations.

(3) The deposits of sand constituting a sea-beach, as stated on page 93,
take the slope of the beach, which may vary from 3° and less to 18°; and
they have distinct bedding parallel to the sloping surface.

These cases of an inclined position are relatively of limited extent.
They do not affect the truth of the general proposition that the original
position of the earth’s great stratified rocks is essentially horizontal.

(4) Another example of inclined stratification is afforded by the volcanic
mountains of the globe, whose lava-streams usually have a pitch between
3° and 20° but may have a less or a much greater pitch. In the volecanic
mountain the stratification is pericentric, more completely so than in the
alluvial cone.

3. Fractured and Displaced Strata.

Strata, however continuous and horizontal when first formed, are, at the
present time, more or less divided up by planes of fracture, and sometimes
profoundly so. In general, also, they have lost their original horizontality,
and instead the beds have a pitch, small or large, sometimes rising to verti-
cality or even beyond. In many mountain regions the strata are in great
flexures, each flexure miles in sweep. Further, fractured and flexed strata
have often been displaced along a fracture, either upward or downward, in
some cases a few inches, in others miles, the rocks on one side of the plane
of fracture being dropped down or shoved up to this extent. In addition,
all regions, especially mountain regions, have lost a vast amount of rock
through the long-continued wear of flowing waters, which has reduced flex-
ures to ledges and level surfaces, concealing displacements and disguising
greatly the original features of a region.

The following are explanations of terms used in describing upturned and
displaced rocks : —

An outcrop is a projecting ledge of rock (Fig. 87).

The dip is the angle which the beds make with a horizontal surface; and
its direction is down the sloping surface, in the direction in which the angle is
greatest — d p in Figs. 87 and 88. The inclination of a sloping bed or of a wall



100 STRUCTURAL GEOLOGY.

isin the opposite direction from the dip. The strike is the horizontal direction,
st (Fig. 87), at right angles to the dip. The direction of strike is ascertained
by means of a compass; and
the angle of dip by a clinometer.
A clinometer-compass is a com-
pass in which the movement of
a plummet measures the angle
of dip, the degrees being marked
on a graduated are, as shown in
Fig. 89. The compass in its best
form has a square base, with one
side of the square parallel to
the N.-S. line, so that the side
may be used in place of the line, or the instrument may be applied by one
side to the rock, or used in sighting distant slopes.

The edges of outcropping layers give the true dip only when the section affording
them has the direction of the dip, as those on the right side of Fig. 87, or those of the
side 1 in Fig. 88 ; but those of sides (or sections) 2 and 3 in the latter figure vary in direc-
tion from the dip ; and those of 4 have no dip, but are horizontal, and have therefore the
direction of the strike.

In the best clinometer-compass the square base is about 8 inches in diameter. A
clinometer (Fig. 89 B) is easily made out of a block of hard wood, 3 to 3} inches square, and
half an inch thick. A small compass may be set into the same block, with its N.-S. line
parallel to one side of the block, as in the figure, making the instrument serviceable for
taking directions of strike or dip, though too small for good compass work.

In making observations, first take the strike, and in recording it refer it to the north
point; e.g. N. 20° E. (if that be the direction), never S. 20° W.; only the direction of
glacial scratches should be referred to the south point. Next note whether the dip is
easterly or westerly, and measure the amount ; if 50° easterly, then it is 50° in the direc-
tion S. 70° E., this course being at right angles to the strike. The entry ¢ strike N. 20° E.,
dip 50° E.”” includes the whole. To obtain the true strike, the edge of the laminated rock
selected for the measurement must be perfectly horizontal ; if there is none such in an
outcrop, draw a horizontal line on one of the beds. The error from a variation from
horizontality increases as the dip decreases, and becomes null only when the dip is
vertical.

In taking the strike, the side of the square compass parallel to its N.-S. line should
be used ; and it is better to apply it to a piece of board laid over the rock than to the
rock itself. But it is not necessary to put it on the rock ; it is generally best to make the
observation standing, with the N.-S. side of the compass between the eye and the out-
cropping edge. The same method may be used also in taking the dip ; and if the observer
is in the line of strike, he can thus take the dip even when the ledge is rods distant. The
slope also of a mountain on the horizon can be obtained with a clinometer in the same
way.

Before making a measurement, it must be ascertained that the outcrop is not that of
a bowlder, or of layers displaced by the growing roots of trees; and that the particular
locality will give a mean, not a local, result. Perfectly uniform strikes or dips for a
distance of a hundred yards are not generally to be expected, —a fact that will trouble the
young geologist in his first field observations.

When, among the exposed sections at a place, none is at right angles to the strike,
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the dip may be obtained thus: take the dip and the direction along two of the sections ;
then, from a point, A, draw two straight lines, AB, AC, in the directions of the observed
dips, and set off, on each, lengths proportional to the cotangent of its own dip, Ab, Ac;
then, a line through b, ¢ will have the direction of the strike, and a perpendicular to it,
that of the dip.

In studying a region of rocks it is important that the dip and strike should be obtained
at all outcrops, and noted down on a map. For the latter, the best mode is to use a
symbol like the letter T, giving the top the direction of the strike and the stem that of
the dip; and the different angles of dip may be approximately indicated by variations in
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the length of the stem of the T, as in the annexed figure, in which the ratio of the stem
to half the top of the T is for 80° =1:4; for 70°, 1:3; for 60°, 1:2; for 50°, 1:1}; for
45°,1:1; for 35°,11:1; for 25°,11:1; for 15° 2:1; and for horizontality, a crossed
circle.

Flexures. — Some of the forms of flexures are illustrated in the following
figures. Such flexures, while often very small, may be several thousands
of feet in height, and many are miles in span. The' following are a few of
the forms. The slopes either side of the center are seldom equal. In
4, Fig. 91, Aa is the axis of the flexure, and in both of those to the right
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this axis of symmetry is inclined; and in 5 and 6, still more inclined ;
while in 7, 8 (from the Alps) other complexities are represented. Flexures
like those in the right half of 5 and in 6 are called overthrust flexures,
the flexing being due to pressure from the right. Supposing the pressure
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to have come from the left, they would be underthrust flexures, —a kind
that is exemplified in some sections of the Alps, but is not commeon like the
overthrust.

Flexures are either anticlines or synclines. Upward and downward bends
alternate, as the figures show; the upward, lettered A, are anticlines, —
so-named from the Greek dvri, opposite, and xAive, incline; and the down-
ward, are synclines — from avv, together, and «Aive. When strata have been
pushed up so as to dip only in one direction, the structure is called mono-
clinal, from pévos, one, and xAive. One example of a monocline is shown in
Fig. 91 (2). The beds in Fig. 96, on page 104, have a monoclinal position,
but they may be either those of a monocline or of anticlines and synclines,
as explained beyond.

As the following figures of actual sections indicate, flexures are not
found in nature with their original forms, owing to the wear such regions
have always undergone. ' Fig. 92, by Rogers, represents a section six miles
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Appalachian section, Virginia. Rogers, ’42.

long, from the Appalachians in Virginia. The strata are numbered, so that
the flexures of a given stratum may be followed; thus ILI bends over II,
to the left of the middle of the figure, and the right portion descends to
come up again in IIT at the right end of the figure; again, IV, to the left,
rises and bends over III and I, though disjoined about the top of the fold
by denudation. '

Fig. 93 represents a section from the Swiss side of the central Alps.
To the right, the strata, 1 to 6, are so flexed over that the newest stratum 6 is
beneath 4, 3, 2, 1, with 1, the oldest, at top. The dotted lines help in
tracing out the flexures. Other sections from the Appalachians, the
Alps, and other regions, are given under the subject of Mountain-making
(pages 355-360).

Section east of Lucerne, extending south, 15 m., throngh Windgille (4, to the right), a peak 10,455 feet
high ; 1, Gneiss; 2, Triassic beds; 38, Lias; 4, Jurassic, above the Lias; 5, Cretaceous; 6, Focene
Tertiary, including Nummulitic beds, Heim.

Besides the apparent irregularities introduced into a region of flexures
by denudation, there are others still greater arising from fractures and
faults (displacements). Overthrust flexures very commonly become broken
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and fanlted in the direction of the thrust, and the beds become stretched
and thinned in the process, as explained beyond.

In Fig. 94, which represents a surface only six feet square, the synclines
and anticlines are a few feet only in span; moreover, as is seen, the liftle
anticlines have still smaller anticlines and '
synclines subordinate to them; so that the
figure represents compound flexures. But
these small Hlexures at the locality are
subordinate to the great flexures of the
region, which are thousands of feet in
span, so that they are portions of a
doubly-compound system of flexures.

Since flexures are greatly disguised, as
explained above, so that the kind is seldom
indicated in the exterior form, their nature
has to be learned from the dip and other characters of the associated beds.
A portion of a flexure may be mistaken for a monocline unless the region is
well studied.

94.

Fig. 95 represents the rocks with their true dip along 4 parallel sections across a
country, the blocked areas being limestone and the others mica schist. They show
what may be the actual appearance of a region of folded rocks after it is worn down
to a nearly level surface. All that is visible over the region is the upper surface and
enough below it to give the true dip; and from these facts and the study of the characters

Flexures in limestone and schist, Westchester Co., N.Y. D, ’81.

of the beds throughout the region, the kinds of flexures are deduced. The dotted lines
show one interpretation of the facts. The synclinal near the middle of section 1 is over-
laid by schist in 2, and by still more schist in 3 and 4 ; and changes occur also in the other
flexures. But other interpretations are possible.
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Fig. 96 below represents a section of alternating belts of limestone and schist, numbered
I to IIIII, to be interpreted.

It may be that each belt, I, II, IIT, IIII, IIIII, is an independent stratum, alike in
dip, with IITII the highest in the series. This is the simplest explanation. But there
may be flexures, and Figs. 97, 98, 99 represent some of the possible methods of interpre-
tation. By comparing each with Fig. 96, the relations may be studied out.

96.

97. 98, 99.
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In a region of flexed rocks the same bed, as the illustrations show, may come many
times to the surface; and it is therefore easy for the observer to be deceived in such
regions as to the number of independent beds. The covering of soil adds greatly to the
difficulty, as the following figures illustrate. When the rock in a region of high dips is

100.

101.
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simply a slate or shale, with no associated stratum of permanent horizon, it is almost
impossible to decide as to flexures. Such beds bend easily, and may be full of flexures,
and yet none may be apparent.

Sometimes an anticlinal flexure has the dips of a synclinal, as in the central part of
Fig. 102 A. If worn down to a plane (Fig. 102 B), the dips along the center would seem
to be good evidence of a syncline. Such fan-shaped folds
are common on & small scale in schists, and occasionally
they may occur on a scale of mountain magnitude. The
facts at Mont Blanc in the Alps are explained on the idea
of such a fold.

To reach positive conclusions among the possible
explanations, the beds or strata must be carefully com-
pared, and also the sides and middle of the several strata,
as to texture and all other differences. Besides, search
BIVTITSSNS W77 7777 should be made for outerops that exhibit the limestone

and schist in broad anticlinals or synclinals, as in the
following cases. In Mount Washington and Greylock of the Taconic range on the boun-
dary of western New England, the beds dip at the north end of the mountain mass, nearly
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as in Fig. 103 ; that is, the dip is alike eastward on the east and west sides of the range,
and it is not clear whether the overthrust flexure is anticlinal or synclinal. But toward
the other end, the dips of the east side change, through the positions in C and B to
that in A ; and here they are plainly in opposite directions on the two sides, and indicate
thus that the mountain is a synclinal flexure, basin-like at one end, and a careened trough
at the other.

Flexures have ordinarily, if not always, the ridge-line inclined instead of
horizontal. The making of horizontal flexures (that is, those with the ridge
line horizontal) would require perfectly equable pressure along a region, and
also perfectly equable resistance, neither of which conditions could exist,
because of the varying texture in the rocks, if for no other reason, and
hence horizontality seldom occurs.

Synclines of Mount Washington, Mass. D. ’8T.

In a single ordinary flexure, therefore, the strike may vary nearly 180°,
and the dip as greatly. For the edge of the horizontal plane (feg in Fig. 104)
is a horizontal line; hence it corresponds to the strike for each point it
passes over through a circuit of 180°. Supposing the flexure to run north
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and south, the strike may vary from N.-S. through E.-W. to N.-S. again.
Further: since the dip of the outer layer at any point is at right angles to
the strike, it is at right angles to the line str. The dip of the beds is least
along the axis of the fold.

Folds derive complexity also from torsion in the upturning movement.
The following figure of a mountain scene in Colorado (Fig. 105) shows,
besides the effects of erosion, those of a twist or torsion in the strata. The
light-shaded stratum has opposite dip in the near and distant parts, and of
course the strata either side participated in the torsion. The effect is proba-
bly far more common than is believed, for only in a region of bare, uncovered
rocks is such a condition likely to be appreciated.

Besides the above-mentioned irregularities in a region of flexures, others
come from variations in the length of parallel flexures, one flexure lapping
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by another, very much like the folds above the elbow in a woolen coat-
sleeve. The flexures are those of a warped surface, parallel usually in
direction, but mutually involved along their course. Hence there are large
variations in dip between the flexures.

105.

Upturned strata of the west slope of the Elk Mountains, Colorado. The light-shaded stratum, Triassico.
Jurassic; that to the right of it, Carboniferous; that to the left, Cretaceous. Holmes, Gardner.

Models of flexures may be conveniently made out of a large unhewn branch of a tree
of coarse-grained wood, having the bark on. A piece of the branch (3 or 4 inches or
more in diameter) 12 to 18 inches long, cut obliquely from a diametral line at one end
at an angle of 20° or so, will afford two models of a flexure with an inclined axis. By
coloring groups of layers in the wood, using for greater simplicity not more than three
colors, the appearances of the flexed strata may be studied in horizontal, vertical, and
any other sections that may be cut. Such models might be made by pasting together
sheets of differently colored paper, or layers of paper-pulp, and so making a cylinder, and
then cutting it as above. By pressure the cylinder might be made elliptical, and models
might be obtained with unequal dips on the two sides.

Geanticlines, geosynclines. — The flexures in rocks which have been above
described and illustrated by figures are flexures of the strata of the earth’s
exterior, or the supercrust, not of the crust itself. The crust is thick, and
it is impossible, were it but 10 miles thick, that it should be bent into
so small and abrupt flexures. It has, however, its own great flexures of low
angle and of great breadth, both upward and downward. It is proved that
the stratified rocks of the Alleghanies were laid down in one such downward
bend or trough, a thousand miles long, during the long ages in which it was
slowly deepening. There are also evidences that upward bends of similar
extent have been made. These flexures of the crust are termed geanticlines
and geosynclines, the prefix in these terms being derived from the Greek
word for earth. The basin of Lake Superior probably corresponds to a
geosyncline, as suggested by T. C. Chamberlin.

Fractures, faults, compression and stretching of rocks. — The fractures
intersecting rocks are of all sizes, from those small cracks that result from
contraction on drying and cooling, and from gravitational pressure on strata
of varying compressibility or of insufficient support, to those, sometimes
miles in depth, that are made in the grander movements of the earth’s
crust.
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Rocks vary greatly in fragility, and break very differently under the same
circumstances. Some, as the shales and argillaceous sandstones, yield to
pressure by bending or by becoming compressed or stretched; or, like a
friable sandstone, become adapted to the pressure as might a bag of corn,
by a readjustment of the grains. But the more solid sandstones, having less
mobile elements, become divided into blocks, unless the pressure at work is
of the extremest slowness; and compact limestone, the most brittle of rocks
when pure, breaks into smaller blocks, and sometimes into multitudes of
them. The fractures due to stretching or tension are often large in the
summit portion of an anticline, and especially when the beds consist of the
harder or more brittle rocks. If a stratum of limestone is made up of pure
and impure (argillaceous) layers, the former may be broken into columns when
the latter are sparingly broken. Only a slight torsion from unequal pressure
or support is needed for these results. The scenery of the Rocky Mountain
region, and especially of the Colorado Cafion, illustrates finely these various
differences in fragility. It is dependent upon the columnar fronts of many
of the harder alternating layers for much of its architectural effect.

It has been stated that the flexures in strata are those of a warped sheet.
But while the coat-sleeve loses its flexures on straightening it, strata could
not be restored to their original condition, because of the great stretching
and slipping on one another of the beds in one part, and of the compression
in others. Proofs of the stretching and compression are afforded by the
deformation of fossils, as illustrated in the chapter on mountain-making.
(See page 370.) The smallest of fractures that have geological importance
are those of the constituent grains or crystals of a erystalline rock, which
are generally so minute as to be detected only by microscopic investigation.
They sometimes indicate a flowing of the material, lava-like, before it had
cooled, or contraction during cooling, or some progressing change of form
through pressure.

Faults are displacements along fractures. When a coal-bed is not con-
tinuous across a plane of fracture, but has its continuation at some higher or
lower level, a fault exists; and such faults often occasion much trouble to
miners. There may be a few inches or less of displacement, or a few feet;
but the larger faults of mountain-making regions are sometimes 10,000 to
20,000 feet.

In Figs. 106, 107, f¢ is the course of a fracture, and a to b the amount of
displacement. In Fig. 106 the part to the right has slipped down against the
opposite wall, or there is a downthrow; and this downthrow is in the direc-
tion of the dip (or the kade, in miners’ language) of the fracture-plane. In
Fig. 107, the reverse is the case; there is an upthrust along this plane. One
is an overthrow or downthrust fault, the other an wupthrust fault. 'The angle
of dip in the fault-plane is here near 60°; but it may be from 0° to 90°.

In Fig. 108 a block of the formation has slipped down between two frac-
ture planes; moreover, the resistance or friction has produced a bending of
the layers on one side. Reverse the figure, and another condition in faulted
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strata is represented. The surfaces of walls often become scratched or
“ slickensided ” by the movement.

106. 107.

It cannot be affirmed in all cases that the downthrow or upthrust
exhibited in the beds was the whole movement, but only that it was the
final differential result of whatever up or down movement took place.

Often there are many small faults in a group, as in the annexed figure;
and the group may be of the downthrow or upthrust kind, though usually in
such cases, of the former. Frequently one or two blocks in the group of a
displacement has undergone a reverse movement; but this does not change
the general character of the faulting.

109. 110.

Faulted by beds. Fault with opened fissure filled with fallen
masses. Powell, ’75.

Fig. 110 (from Powell) shows a downthrow fault along a vertical
fracture ; moreover, the fracture is opened so as to become a wide fissure,
and the fissure is filled with masses from the inclosing rocks. For other
faults in fissures (veins), see pages 328-330.

Downthrow faults are often called normal faults; but only from the fact
that they are most common. The smaller faults are usually of this kind,
since gravity acts that way. The great faults, thousands of feet in dis-
placement, ave often wupthrust faults. Those in the Appalachian Mountain
region of Pennsylvania and Virginia have the upthrust of the enormous
extent above stated, 10,000 to 20,000 feet; and the beds of the eastern side
would now have this great height above those on the opposite side were it
not that running waters of the sea and land (mostly the latter) had worn all
down to a common level. A section of one of these great faults of Virginia,
and the worn-off condition of the beds, is shown in Fig. 111. On one side of
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the fault F are coal-beds, on the other, one of the lower limestones of
the geological series, which, by upthrust action, has been put on a level
with the coal-formation. By the same forced movements, downward dis-
placements or faults are sometimes made, and these have been distinguished

Section of the Paleozoic formations of the Appalachians, in southern Virginia, between Walkers Mountain
and the Peak Hills (near Peak Creek Valley) : F, fault; a, Lower Silurian limestone; b, Upper Silurian;
¢, Devonian; d, Subcarboniferous with coal-beds. Lesley.

from the gravity-made downthrow faults by using the term downthrust fault
(E. A. Smith).

The following figures show that after erosion the same surface features
may result from a downthrow (Fig. 112) along a vertical fracture and from

112. 113.

an upthrust (Fig. 113) along an oblique fracture; the dip of the fracture-
plane is here about 25°.

Not unfrequently a flexure changes, in one direction or the other, into a
fault, showing that the force causing the break first produced, as is natural,
a bend. Many examples of such flexure-faults have been described by Major
Powell, and later by others, from the plateaus
of Colorado, where the absence of vegetation e
and soil affords unusual opportunities for ob-
servation on the positions and inside con- m
dition of strata. A bend (Fig. 114, from o
Powell) represents, ideally, the upper layer )

A T

of a region of a low anticline in the eastern /,l’
part of the Uinta Mountains. The bend in ==
the part to the right shows that a fracture Flexure-fault, Powell, 'T6,

is begun; and in Fig. 115, which represents
the same line of faulting, the actual displacement amounts to thousands of
feet.

A succession of monoclines along faults produces, in the region of the
Colorado plateaus, the features shown in Fig. 116, from Powell; and Fig.
117, from the same region, illustrates a section across a large fault having
two branches.
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Figs. 118, 119, 120 illustrate a flexure-fracture and fault along the syn-
cline of an overthrust flexure in the Alps, some thousands of feet in span, as
figured by Heim. It will be observed that the strata became bent without

116. 117,

Succession of monoclines; section across a branching Section across a branching fault. Powell, °75.
fault. Dowell, '75.

breaking till the flexures of Fig. 118 were produced, illustrating thus the
important fact that the bending of flexed rocks has in all cases gone forward
with extreme slowness. The plane of the flexure from a to b, between the

118. 119,

A fold passing into a fault, from the Alps. Heim, ’78.

anticline and syncline, is the plane of greatest weakness, and hence the
fracture. There is usually much stretching, also, and thinning, of the beds
along the fracture. The fault at the bend in Fig. 120 is an upthrust fault,
the stratum m to the right being the same with » to the left ; and the exist-
ing distance between the two is a measure of the extent to which the strata
were pushed up the sloping fault-plane. Where the flexures are closely
crowded together, the faults may divide up a bed into many parts; and if
a bed of iron ore is in the series, its parts may be so far displaced and cut up
into so small sections as to make it unprofitable to attempt to follow it.
The great upthrust faults made along fractures many thousands of feet
in depth, like those of the Appalachians, have usually taken place along
» fracture-planes of small dip — between 20° and 45°. Downthrow or down-
thrust faults, however great the displacement, may occur along fracture-
planes of all slopes to verticality.
The region of the great elevations produced along such faults in the
Appalachians has been reduced in general to a level below that of the



TERRANES. 111

mountain-summits. The faulted region, because a region of fractures, is, in
general, the course of a great valley.

Fissures also are faulted in the several ways mentioned, because they
are in the terranes, and must share in the displacements. They may be
faulted even at the time when they are first made, and faulted at various
later periods.

Besides faults of up-and-down displacement, there are also (1) longitu-
dinal faults, and sometimes without much change of level in the beds.
More common than either vertical or longitudinal faults are (2) the obligue,
since resistance and pressure would seldom be so equable as to prevent
obliquity. (3) Horizontal displacement of strata also,oceur, and sometimes
of marvelous extent. They are produced by a horizontal or oblique’ thrust
shoving terranes over others. In a case reported from the Scottish High-
lands, a mass of the oldest crystalline rocks, many miles in length from
north to south, was thrust at least ten miles westward over younger rocks,
part of the latter fossiliferous.

(4) Bed-plane faults are still another kind in which the plane of displace-
ment is that between two layers or strata. They are produced by the push-
ing of one bed or stratum of a series over the surface of that below it. In
the Triassic of East Haven, Conn. (on the borders of New Haven), the
successive beds of the red granitic sandstone (which dip eastward 15° to 20°)
have been shoved over one another upward along the plane of bedding,
producing large and general displacements, and great slickensided surfaces;
and these surfaces have generally a very thin and hard white coating, ap-
parently due to the ground-up feldspar. In the same region, besides these
shoves of layers over one another, there are also ordinary faults with slick-
ensided walls; and in many places the rock is in fragments, and all the
fragments, even those no larger than the hand, indicate participation in the
movement by the slickensides which cover them.

(5) Pressure has sometimes produced a crushing of the rocks along frac-
tures, either directly or aided by lateral movement, making what has been
called in the latter case shear-zones.

(6) In the upturning and flexing there has also been slipping, by the
inch and fractions of an inch, along planes of cleavage or bedding, making
slip-faults, and producing also small flexings or crumplings of the beds.

Jointed structure, joints. — A jointed structure is a style of fracturing,
usually on an extended scale, in which there is a degree of system in the
arrangement of the fractures. The divisional planes are termed joints.
They cut across the stratification, and may have great extent vertically and
laterally. The planes of division are often very even, and not enough open
to admit the thinnest paper. They may be in one, two, or more directions
in the same rock, and extend, with nearly uniform courses, through regions
that are many miles in length or breadth. The accompanying sketch repre-
sents the falling cliffs of Cayuga Lake, and the fortress-shapes and buttresses
arising from the natural joints intersecting the rocks. The wear of the
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waters from time to time tumbles down an outer range, and exposes a new
series of structures.

Traversing the surface of a region thus intersected, the joints appear as
mere fractures, and are remarkable mainly for their great extent, number,

Jointed rocks, Cayuga Lake. Hall, ’43.

and uniformity. In ease of two systems of joints, — the case most common,
—the rock breaks into blocks, which are rectangular or rhomboidal, accord-
ing as the joints cross at right angles or not. The main system of joints is
sometimes parallel to the strike of the uplifts, or else to the range of eleva-
tions or mountains in the vicinity, or to some general mountain range of the
continent. ’

In many cases, a rock is so evenly and extensively jointed as to become
thereby laminated, and in such a case the joints may be easily mistaken for
planes of stratification, especially when the latter have been obliterated.
Sometimes there are sudden transitions from

the regular stratification to vertical joints, as b 122
in Fig. 122. This case occurs in a section of — =

. =1 a
part of a quartzyte bluff on the railroad near ol & =
Poughquag, Dutchess County, N.Y. a, a, a ‘ [—
are ordinary joints in the stratified rock; b, b i =
is a portion of the rock, which has lost its %@ @
stratification entirely, and has become jointed ] bk

vertically ; the transition from the stratified
to the part b, b is so abrupt that the latter has
the aspect of an intersecting dike, or of a portion of the laminated sandstone
set erect. It occurs in sand-beds, whose grains adjust easily, like shot, to
pressure.

Fig. 124 represents a rock with two cleavage-directions; and 125 a quartz-
ose sandstone which has irregular cleavage-lines. These last two cases,
together with that represented in Fig. 122, appear to show that the jointed
structure and slaty cleavage may have a similar origin.

Slaty and foliated structure.— In the slaty structure, or slaty cleavage,
the rock is divided into thin even sheets or laminz, as in the case of roofing-
slate or writing-slate. The laminated structure of shales is parallel to the
bedding, and is due to the conditions of deposition and the pressure of super-

Jointed quartzyte, D. '72.
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incumbent beds; but slates have received their structure from lateral pres-
sure, and it often crosses the bedding, as in Figs. 126, 127. This structure is
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Jointed rocks. De la Beche.

also called the foliated structure. The sections represented in Figs. 126, 127
are from the slate region of Columbia County, N.Y.

Occasionally, the lines of deposition are indicated by a slight flexure in
the slate near them, as in Fig. 127. In other cases there is a thin intermedi-
ate layer which does not
partake of the cleavage.
Fig. 123 represents an in-
terstratification of clay-
layers with limestone, in
which the former have
the cleavage, but the lat-
ter not, though the lime-
stone sometimes shows a tendency to it where argillaceous.

Sedgwick first detected the true lines of bedding, and ascertained that
the slaty structure was one that had been superinduced upon the clayey
strata by some process since they were first deposited.

The schistose structure of crystalline rocks, or their schistosity, as it is
often termed, may be produced by pressure; and hence all schistose strue-
ture, and even the fainter parallelism of the planes of a foliated mineral like
mica, as in granitoid gneiss, are often termed foliated. The regular fractures
producing a jointed or a slaty structure are named diaclases by Daubrée,
and fractures accompanied by displacement, paraclases.

Slaty cleavage, Columbia Co., N.Y. Mather, *43.

4. Calculating the Thickness of Strata.

When strata are inclined, as in Fig. 128, the thickness is ascertained by
measuring the extent along a horizontal surface, and also the angle of dip,
and then calculating the thickness by trigonometry. The thickness of the
strata from a to b is bd, the line bd being drawn at right angles to the
strata. Measuring ab and the dip, which is the angle bad, the angles and
hypotenuse of the triangle abd are given to determine one side &d. Or,
with the distance ae, the side ce would be found.

But for correct results, the absence of faults must be first ascertained.

DANA’S MANUAL — 8
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The figure (128) represents a fault at bg, so that the strata 1, 2, 3, 4 to the
left are repeated to the right; and hence the whole thickness is bd instead
of ce. ab is the width at surface of

128. the strata 1, 2, 3,4; but by the fault,

ab is increased to ac. There may

a
be many such faults, in the course
of a few miles; and each one would
increase the amount of error, if not
RN

N guarded against.
2 So other faults might go on in-
creasing the extent of the surface
exposure. This is further illustrated in Fig. 129. Let A be a stratum
10,000 feet thick (a to ¢) and 100,000 feet long (a to ). Let it now be
faulted, as in Fig. B, and the parts uplifted to a dip of 15°, — taking a
common angle for the parts, for the sake of simplicity of illustration. The
projecting portions being worn off by the ordinary processes of denudation,
it is reduced to Fig. C, mn being the surface exposed to the observer.
The first error that might be made from

hasty observation would be that there were , e .
four distinet outeropping coal layers (call- A =
ing the black layer thus), instead of one; =
and the second is the one above explained - & )
with regard to calculating the thickness of B ™ N \Q "

the whole stratum from the entire length
mn in connection with the dip. Very
often the beds have been shoved up over
one another in the making of a monocline
to such an extent that the faults are almost
or wholly obliterated. A calculation of the
thickness in such a case is impossible.

If the stratum (Fig. 129 A) were in-
clined 15° without faulting, it would stand as in D; and if then worn off to
a horizontal surface, the widest extent possible would be cr, which is less
than half what it has with the three faults. A block of the size mentioned
would require, in order to make it a monocline of 45°, that one end should
be dropped down 70,000 feet, or the other end raised as much, or that this
amount of change should be divided between the two ends; and for a mono-
clinal block having a dip of 60° the drop-down or upthrust would have to
be nearly 87,000 feet, or more than 16 miles. Calculating the thickness from
the dip in a region is liable, therefore, to enormous error.

5. Conformability, Unconformability.
Successive strata in a region may be conformable to one another or uncon-
Jormable. 1In the series of strata made over the earth’s crust, the rocks
of successive periods and ages have, in large parts of the world, been made



TERRANES. 115

in regular succession, each stratum conformable in bedding to the preceding.
This was true of the 40,000 feet of rock of the Appalachian region (referred
to on page 353), out of which the Appalachian Mountains were finally made.
This is an example of conformability, as the term is used in geology.
Through the long series there is conformity in bedding.

But these conformable strata rest on older rocks that have the bedding
upturned and standing at various angles. Between the two there is wuncon-
Jormability in bedding.

Fig. 130 illustrates this subject. The beds 2, 3, 4a, 4b, are conformable
to one another, but unconformable to the flexed rocks numbered 1. The

130.

1, Upturned Archaan rocks; 2, 3, 4a, 4b, overlying strata, conformable with one another, but unconformable
with the Arch®an. Logan.

flexing of the rocks antedated the deposition of No. 2; and knowing the
geological age of No. 2, some approximation is made toward a knowledge of
the time of flexure. There may be three or four cases of unconformability
in the same region. For in each mountain-making epoch, new rocks are
upturned, and the succeeding ones are laid down horizontal, as usual, over
the upturned. Such unconformabilities belong especially to regions of moun-
tain-making; for there occur the upturned rocks. Only a few miles away
from the region of the mountain, the rocks that are unconformable in the
latter may rest on one another in regular order, or conformably, as if no
disturbance had anywhere taken place.

The preceding figure has a fault-plane at f, and there is an unconformity
between the beds on each side of it, but not unconformability. The uncon-
formity introduced by faults is easily mistaken for true unconformability.
Such unconformity is of frequent occurrence in all formations; while uncon-
Jormity in bedding indicates an epoch of mountain-making, a thing of rare
occurrence in the geological history of a region.

Besides this most important species of unconformability, that of the first
kind, there are also two other kinds: (1) through changed sea-limit or
overlap ; (2) through surfuace erosion.

Through overlap.— When, after the deposition of beds, a slight sinking
of the region takes place, the next deposits there made may extend beyond
the limits of the preceding, and overlap those outside. In such cases,
although both deposits are approximately horizontal, there is still a degree
of uneonformability. Oscillations of the land surface, or of the water level,
have gone on through the successive periods, so that unconformity by overlap
is of very frequent occurrence, and of minor significance, though always of
great geological interest.
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Through an interim of erosion.— Between the time of making two sue-
cessive horizontal strata there is sometimes an interval of exposure to
marine or fluvial erosion, which the worn upper surface of the lower stratum
indicates. This, also, is unconformability in geology, and as the interim of
erosion may be long, it is of importance. Yet in all periods, as in that
of existing time, the deposits made during a period may be extensively
worn away in some large regions before the period has closed; partly worn
away in many places it is sure to be. An uplift of 600 feet in the present
era, putting a coral reef rock this much above the sea, is followed by cave-
making and extensive removals. The amount of erosion is no certain
evidence as to the length of time during its progress.

Deposits are sometimes formed in basins or depressions of the surface.
Such deposits may, in general, be distinguished by their thinning out toward

the sides of the basin. Yet, when syn-

131. clinal valleys are shallow, it is easy, and

not uncommon, to mistake beds that are

conformable with the strata below for such

basin formations. The beds ab (Fig. 131)

lie in the synclinal valley mn, like a basin

deposit; but they were formed before the folding of the beds, and not
after it.

UNSTRATIFIED TERRANES.

The unstratified terranes comprise (1) the great unstratified masses of
granite and other related crystalline rocks; (2) the various masses of ejected
igneous rocks that lie in piles, not having the bedding due to successive
flows, and not making part of any stratified series; (3) masses occupying
fissures in the earth’s crust or supercrust, and having thereby the nature
either of dikes or veins.

The facts connected with unstratified terranes are necessarily considered
in Part III. on Dynamical Geology, and remarks here are therefore
unnecessary.



PART IIL

DYNAMICAL GEOLOGY.

Dy~amicaL GEoLogy, as explained on page 14, treats of the causes of
events in the earth’s geological progress. These events include: I. Those
concerned in the production and modification of the earth’s rock structure,
and in the development of its form and features. II. The changes in the
earth’s climates. III. The changes through geological time in the earth’s
vegetable and animal life. The explanations beyond relate mainly to the
first of these classes of subjects. The succession in climates and in vege-
table and animal life is considered only historically, under Historical
Geology.

The chief of the agencies directly concerned in geological work are the
Atmosphere, the Waters, Heat, Chemical Force, and Life, each acting through
or under general physical laws.

The atmosphere and the waters, by means of which most rocks have been
made, valleys excavated, mountains shaped, and a great amount of chemical
work carried omn, are the most prominent of the earth’s ewterior agencies.
Life, in its geological work, is another of the exterior agencies. Heat has
both an exterior and an interior source, with corresponding effects. As
exhibited in igneous ejections and volcanoes it is an interior agent both in
source of material and of force; but the distribution of ejected material has
taken place in part by means of the exterior agencies, water and air. The
agencies that have made continents, oceanic depressions, and mountain ranges
are largely interior in the origin of their forces and in their work.

There are three chief sources of energy for these agencies: —

1. THE EARTH’S ROTATION ON ITS AXIS, and ITS REVOLUTION AROUND
THE SUN. (1) The rotation determining the earth’s spheroidal shape, the
length and alternations of its day, its zones of climate, and the system of
movements in physical agencies; (2) the revolution, causing, in case of col-
lision with any foreign body (as a meteorite), a manifestation of force in the
production of heat and in violent mechanical effects.

2. Tuk sun : which, through its heat, light, and attraction, is the origin
of movements in the air, oceans, and rivers; the origin of chemical ac-

tivity and growth in the kingdoms of life, and of much chemical work in
117
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inorganic nature; and the chief source of climatal conditions through all
time since life began; which, further, in conjunction with the moon’s
attraction, is the origin of the energy-distributing tidal wave, and also,
incidentally to the tidal movement, of tidal friction, with far-reaching,
adverse, and fatal results in the retarding of the earth’s rotation.

3. THE EARTH’S INTERIOR HEAT.

Dynamical Geology is discussed beyond under the following heads: —

I. CHEMICAL WORK, as a means of superficial changes.

II. LirE, as a geological agent.

III. Tue ATMOSPHERE, as a mechanical agent.

IV. WATER, as a mechanical agent: under the subordinate heads of
Water in general; Fresh waters; Oceanic waters; Glaciers and
Tcebergs.

V. Hear: under the heads of Sources of heat and their direct climatal
effects; Expansion and contraction; Igneous action; Metamor-
phism; Veins and ore-deposits.

VI. HyroceEic WORK, or earth-shaping, mountain-making, and the
attendant phenomena.

I. CHEMICAL WORK.

Chemical work is given the first place, because superficial chemical
changes have been a prominent cause of the decomposition of rocks, and
thereby one of the producers of the earth, clay, and other fragmental ma-
terials which are worked into beds by the mechanically acting air and waters.
It is also a source of superficial rock formations of different kinds. Chemical
changes carried on at temperatures above the ordinary, as those of metamor-
phism, are not here considered.

The following is the order of subjects: 1, Solution; 2, Oxidation and
Deoxidation; 3, Hydration, or the chemical absorption of water; 4, Carbonic
acid (CO,) and humus acids as geological agents; 5, Action of siliceous solu-
tions; 6, Chemical work of living organisms; 7, Mechanical work of chemical
products ; 8, Concretionary consolidation.

Of this large subject only a brief review of the more prominent facts is
possible in this place.

SOLUTION.

The water descending in rains takes from the atmosphere its elements
(in the ratio of about two parts of nitrogen to one of oxygen); carbonic acid;
some sulphates and ammonium nitrates, especially about cities where there
are coal fires; and three or four parts in 10,000 of sodium chloride or common
salt in the vicinity of the ocean; besides atmospheric dust, enough of which
is from organic sources to make the waters offensive after standing a few
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days. It gathers other materials as it flows, taking them from the soil and
its organic decompositions, and from rocks or minerals, and especially where
decompositions are in progress. It finds soda and potash in rocks containing
feldspars ; lime and magnesia, in limestones and also more or less in many
other rocks, fragmental and crystalline; and various other materials in these
and other rocks. Among the materials gathered up, the chief are calcium
carbonate ; salts of iron; magnesium, sodium and potassium carbonate, sul-
phate or chloride; calcium chloride; humus acids from the soil; and carbonic
acid from the soils and other sources; besides, more sparingly, aluminum
sulphates and lithium salts. Besides the gas carbonic acid, the waters often
receive and discharge hydrogen sulphide and nitrogen, and sometimes the
gases hydrogen and oxygen. The gatherings depend on the kinds of rocks
washed by streams, both those of the surface and those of subterranean
source. It was long since recognized that, through the gathering action of
fresh waters, a lake without outlet might become saline, like the sea.

The desert and semi-desert regions of the world often illustrate through
the efflorescences that exist over the surfaces of old lake basins, as well as
the salts in the waters of lakes, what solvent work the waters have done.
The Great Basin in the west has been studied with reference to this subject
by King, Gilbert, Russell, and others. The moisture below comes up by
capillary action ; and, as evaporation above is almost constant, owing to the
excessive dryness and heat (90° F. the mean over part of it for July), so also
the production of the salts is in constant progress. The most abundant are
common salt (NaCl), sodium carbonate and sulphate, with often caleium
carbonate, and borates.

From one of two samples of the saline deposits from the Lahontan region analyzed by
Dr. T. M. Chatard were obtained, as cited by I. C. Russell, 72:69 per cent of sodium carbo-
nate (Nay0.CQy), 1749 of sodium sulphate (Na.0.80;), 4:15 sodium borate (Na;0.B,0y),
2-53 sodium chloride (NaCl), 1-18 potassium chloride (KCl), and 1-96 silica. In the
other: 9:06 Na,0.CO;, 27:05 Na,0.80,, 1:00 Na.0.B,0, 59-32 NaCl, 1-39 KCl, and 218
Si0;.  In deposits of the dried-up Sevier Lake, south of the Great Salt Lake, Dr. O.
Leew obtained, as reported by G. K. Gilbert, (1) from those of the center of the lake:
sodium sulphate 87-65, sodium carbonate 1:08, sodium chloride 2-34, with water 8-90=
9997 ; (2) from the middle or 3d layer of those of the margin, sodium sulphate 83:79,
sodium chloride 13-84, magnesium sulphate 1:33, potassium sulphate 0-26, with water 0-78=
100 ; from a layer overlying the last, (4th layer) sodium sulphate 2-71, sodium chloride
88-49, magnesium sulphate, potassium sulpbate 0'11, water 3:40=100. The above are a
few of the published analyses. These saline materials were once in solution in lakes of
the region that are now dried up.

Salt lakes are in some cases remnants of the ocean that once covered the
land. But in the Great Basin, according to Gilbert, the saline ingredients
have come from the soil and rocks of the region.

Mineral springs, or sources of water holding mineral ingredients in solu-
tion, are hence universally distributed. They include “ pure” waters as well
as the so-called “mineral waters.” The latter contain some mineral salt
generally in sufficient quantities to affect the taste; and they are most
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valued when sodium chloride is mostly absent, and when carbonic acid gas
is present to give briskness to the waters.

The ocean is the great mineral spring of the world; and Artesian borings
over the land very often show, by bringing salt water to the surface, that
more or less sea water has generally been left along with the beds. About
3} per cent of sea water consists of soluble salts, and of these over % is
common salt. When sea water along a flat shore becomes temporarily
confined so that it can evaporate, the salts are deposited; first gypsum or
anhydrite, which goes down, according to Ursiglio, when the Beaumé areometer
stands at 16.75°; and then the common salt when it is at 26.25°. While this
is depositing, the remaining solution, which is above, holds the magnesium
sulphate and chloride, with the calcium chloride, and the iodide and borate,
and is called the “mother liquor” or “bittern”; and it is all nearly ready
for deposition, the borate being among the latest although not the least solu-
ble. Magnesium sulphate and magnesium-potassium chloride (carnallite)
make much the larger part of the final depositions. But a new supply of
salt water at this stage may prevent deposition from the bitter magnesium
solution ; or the latter may be gradually drawn off to mix again with the
sea water, or for deposition elsewhere. Common salt dissolves in about three
parts of either hot or cold water; magnesium sulphate, in about four parts
at 32°F., but in one third as much water at 212°F. Sodium sulphate is
most soluble in warm water; hence the waters of the Great Salt Lake deposit
it if cooled down to 20° F. (Russell). ‘

The making of salt in large shallow lagoons or ¢¢ salt-pans ’’ along seacoasts, out of
water let in at high tide and then confined for a time, is a common thing under the hot
sun of tropical countries. The same process — solar evaporation — is used in many regions
of brine springs. On some of the smaller coral islands of the equatorial Pacific, whose
lagoons had become very shallow, there are now beds of gypsum— sometimes two feet
thick —along with salt in places, that were made from the evaporating waters (Hague),
showing that the lagoon basins had passed through a salt-pan condition.

The average composition of ocean water salts, in a hundred parts, has been deter-
mined by W. Dittmar to be as follows: chlorine 55:292, bromine 0-188, sulphuric acid
(80,) 6-410, carbonic acid 0-152, lime 1:676, magnesia 6:209, potash 1:332, soda 41-234,
less the oxygen in soda and magnesia equivalent to the chlorine and bromine present
combined with the sodium and part of the magnesium 12-493 = 100-00 ; or combining the
acids and bases, the salts are: sodium chloride (common salt) 77-758, magnesium chloride
10-878, magnesium sulphate 4:737, calcium sulphate 3:600, potassium sulphate 2:465,
magnesium bromide 0-217, calcium carbonate 0-345 = 100-00.

From these results Professor Dittmar calculates for the whole amount of salts in the
ocean, as follows, the unit being 1,000,000,000,000 tons: sodium chloride 35,990, mag-
nesium chloride 5034, magnesium sulphate 2192, calcium sulphate 1666, potassium sulphate
1141, magnesium bromide 100, calcium carbonate 160 = 46,283 ; also total bromine 87-2
(Dittmar), total iodine 0-03 (Kattstorfer), total rubidium chloride 25-0 (C. Schmidt).

The lime alone varies appreciably with the depth. As compared with the amount of
chlorine and bromine (the latter calculable as chlorine), taking the amount at 100, the lime
at surface (s), at medium depth (m), and in the deep sea (d) was found by Dittmar to
be s, 3-0175; m, 3-0300; d, 3-0308. The amount of carbonic acid in the waters above
what is required for calcium carbonate is large, especially that at great depths; but it is
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not sufficient to convert all the calcium carbonate to bicarbonate. Deep sea water affords
more or less free oxygen. (For Dittmar’s results, see Rep. Chall. Exp., on ocean water.)

The salinity or proportion of salts varies from dry winds, which tend to concentrate,
and from fresh-water streams, which dilute. The area of maximum salinity in the north
Atlantic is the Sargasso Sea, a region of calms between 25° and 35° N. and 30° and 20° W .,
where the specific gravity is 1-0285 ; while that of minimum is in the region of equatorial
rains between 10° N. and the equator. In the south Pacific there is an area of maximum
specific gravity (1:02719) about the Society Islands. In general the salinity decreases
downward to 800 or 1000 fathoms, and then increases to the bottom. In the south At-
lantic the specific gravity at the bottom is 1-0257 to 1-0259, but in the north Atlantic it
is 102616 to 1:02632 at 2000 to 4000 fathoms (Buchanan). In the Baltic Sea, the salinity
is reduced one half or more by the waters from the rivers, and the maximum specific
gravity is only 1-0140. But in the Mediterranean, owing to evaporation and an average
rainfall of but 30 inches, the specific gravity is 10280 to 1:030 ; and hence the amount
of saline matters is about 3-9 per cent to 3-6 for the Atlantic.

The following are analyses of two river waters, and of two mineral springs, from a
paper by Professor C. F. Chandler. The Croton River (supplying New York City) is from
a region of Arch®an rocks; the Mohawk, one of Lower Silurian shales, sandstones, and
limestones (underneath) ; and the two mineral springs arise from the Potsdam sandstone.
The amounts of mineral salts are of grains in a U. S. gallon (231 cubic inches = 57,750
grains) ; also mean of analyses of Arkansas Hot Springs, by R. N. Brackett (Ark. Geol.
Survey), temp. 124° and 146-5 F.

Croton River, Mohawk, Congress Springs, Lithia Well, Arkansas

N.Y. Utica, N.Y. Saratoga. Ballston. Hot Springs.

Potassium chloride....... — 0-12 8-049 33-276 —_
Sodium chloride......... 0-402 0-17 400-444 750030 027
Sodium bromide......... — — 8-559 3-643 —
Sodium iodide........... — — 0-138 0-124 —
Magnesium chloride. ..... —_ — Na. phosphate 0-016 0-050 —
Potassium sulphate....... 0-179 — 0-889 0520 0-21
Sodium sulphate......... 0-260 057 Na. Carb. 10-775 11-928 0-45
Calcium sulphate........ 0-158 1:31 Li. Carb. 4-761 7-750 —
Magnesium sulphate..... o — — Ba. Carb. 0-928 3-881 Na,CO, 0-04
Calcium carbonate....... 1-648 4-60 143-399 238-156 715
Magnesium carbonate.... 1-100 171 121-757 180602 1-13
Iron carbonate........... — — 0340 1581 FeSO, 0-05
Silica ........ceiinnnn. 0-621 0-47 0-840 0-761 2-58
Organic, volatile......... 0-670 1-64 trace trace —_—
Total ............... 5038 10-681 700-895 1233-2462 11-88

Pure water has very feeble solvent action on rocks except in the case of gypsum and
anhydrite, which yield 1 part to 400 to 500 of cold water. Quartz, feldspar, and other
siliceous minerals are essentially unaffected. Only 2 to 10 parts of calcite are taken up by
100,000 parts. Opal, which is silica in the soluble state (like that of Dijatoms, Sponge-
spicules, Radiolarians), yields 12 to 15 parts to 100,000 parts of cold water, and much more
to warm water.

1 The analysis afforded also 009 of alumina and iron oxide.

2 This amount contains also 0-867 strontium bicarbonate and 0077 alumina; and both the
Ballston and Saratoga waters afforded a trace of calcium fluoride and sodium biborate. The
carbonates in these waters are reckoned as bicarbonates. The Congress Spring afforded 392289
cubic inches of carbonic acid to the gallon, and the Ballston, 426:114.
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Professor A. Corsa subjected the rocks mentioned below, after fine pulverization, to the
action of pure water at 65° F. for several days; the weight dissolved was as follows: —

Gnéiss, from Ragogna, 01250 per cent ; porphyritic retinite, from Monte Sieva, 0-0562 ;
perlyte, of Monte Sieva, 0:0624 ; phonolyte, of Monte Croci, 0-3260 ; trachyte, of Monte
Ortona, 0-0871 ; granite, of Montorfano (Lago Maggiore), 0-0727 ; granite, of Baveno (Lago
Maggiore), 0-0966.

Professors W. B. and R. E. Rogers found in their experiments (Amer. Jour. Sci., 1848),
that under the action of carbonated waters, 0°4 to 1 per cent of the whole weight under
digestion dissolved in only 48 hours.

Daubrée exposed orthoclase from Limoges in small fragments in a vessel containing
twice as much water by weight revolving at the rate of 2550 meters per hour. The water
in 8 days, after revolutions equivalent to a flow of 460 kilometers, contained 2-52 grams
of potash per liter, along with 0-03 of alumina and 0-02 of silica. In salt water (water con-
taining 8 per cent of NaCl) there was only a feeble alkaline reaction, incomparably less
than with pure water.

Water derives its chemical efficiency through the presence of such impurities
as are ready to enter into new combinations. The most common of these
foreign materials are carbonic acid (CO,), humus acids, and alkaline ingredi-
ents. When carbonic acid is present one part of calcite will be taken up by
1000 of water; but in this case the material dissolved is not calcium carbo-
nate, but caleium bicarbonate. Again, the presence of soda or potash gives
increased solubility to silica in its soluble or opal state, — the state charac-
terizing organic silica. _

The least effect from moisture in rocks is diminished resistance to
fracture or cohesion. Part of this is due to the lubricating effect resulting
from the wetting of the grains, in consequence of which they slide over
one another more easily than when dry. On this principle a grindstone is
wet before using it. But in the case of wet rocks there is often, perhaps
generally, a solution of a minute portion of some ingredient of the rock
which becomes solid again on drying. For this reason, sand rocks, whether
calcareous or siliceous, gradually harden at surface from alternate wetting
and drying.

The more prominent destructive effects of water, consequent on its solvent
powers, are : the easy erosion of beds of gypsum; the rapid removal of beds
of salt; and the injury to animal and vegetable life from encroachments of
mineral and marine waters, and to marine life by its concentration on
evaporation in shallow basins. The constructive effects are: the deposition
of salt and gypsum in large beds; and also the local superficial consolidation
of rocks alluded to above.

OXIDATION AND DEOXIDATION.

On account of the very strong attraction between oxygen and nearly all
the elements, and also because this gas is always at hand in air and water,
it is the most prominent agent in the world’s destructive and constructive
chemical changes.
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1. Oxidation in inorganic materials. — The effects that have special geo-
logical importance are the slow oxidation of iron, manganese, sulphur, and
some other elements, which takes place in the mineral constituents of rocks
when water and air together have access. Little oxidation takes place under
water. The iron of minerals undergoes easy oxidation when it is present in
the protoxide state, FeO, or when combined with sulphur. The protoxide
state is the unstable state of iron. In oxidizing it combines with one half
more oxygen, and becomes the sesquioxide, Fe,O,. This iron oxide is the
mineral hematite having a red powder, if free from combined water; but, if
containing water, limonite, which has a yellow or yellow brown color when
powdered, if not before (page 71). The latter rust-colored oxide is like that
which is produced when the metal iron rusts. But the rust may contain
some carbonate besides the iron sesquioxide.

In a similar manner, when a mineral contains manganese protoxide,
MnO, the Mn tends to become Mn,O; or MnO,, compounds that have a black
powder. Black stains, and black crusts on marble and other rocks, after
weathering, usually come from the oxidation of some manganese in the rock.

The oxides FeO and MnO are unknown except in combination. But
magnetite, Fe,0,, is common in disseminated grains in many rocks, besides
sometimes constituting thick beds; it often oxidizes slowly to the sesqui-
oxide, Fe,0;, producing hematite or limonite.

Again: the iron sulphides, pyrite and marcasite, each FeS,, oxidize
readily, and especially the latter, as shown by Julien; the iron, Fe, becom-
ing FeO, if there is an acid ready to combine with it, but otherwise Fe,0,;
the sulphur, S, becoming SO,, and, with added water, sulphuric acid. This
acid, with the FeO and water, may make the iron sulphate, copperas; but
it may combine also with Fe,O;, and make other sulphates. If there is
limestone at hand, the SO,, or sulphuric acid, may combine with the lime
and water, and form gypsum, and may thus make beds of gypsum. When
pyrite and marcasite are mixed together, the marcasite makes oxidation
easy (Julien).

2. Oxidation in organic materials, and other chemical changes.— When
life ceases, all organic materials tend to decay; and in this decay, oxidation
is the chief process, and oxides the larger part, or all, of the final results.

Wood, when thoroughly dried, consists approximately of carbon (C) 49-66,
hydrogen (H) 621, oxygen (O) 4303, with traces of sulphur (S) and
phosphorus (P), nitrogen (N) 1-10. Animal fats contain the same elements,
and animal tissues the same with much nitrogen.

In dried wood, the C, H, O are atomically in the proportions nearly
CsHy0,. In decay, the oxygen used may be that of the wood, or of the
atmosphere or other substances. The C may combine with O and make
carbon protoxide, CO, the gas which burns with a blue flame in a furnace;
but it generally combines with 2 O, making the more stable and incom-
bustible compound CO,, or carbonic dioxide (carbonic acid). The H may
unite with O and form water, H,O. But instead of all the C combining
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with O, part, especially when the decomposition goes on under water, or
where atmospheric oxygen is excluded, may combine with H and produce
the hydrocarbon CH,—called marsh-gas, because sometimes bubbling up
through marsh waters ; it is the gas which burns and makes the flame of a
wood fire. Other related hydrocarbons also might form. But the burning
of this gas when complete ends in producing CO;and H,0. This is the final
result when plants decompose in the air, except minor results from the
nitrogen (N) and sulphur (S) present, among which are making, with
the nitrogen, ammonia, NH,; and, with oxygen, nitrous acid (N,0;), and
nitric acid (N;0;); and making, with the sulphur, hydrogen sulphide (sul-
phuretted hydrogen) H,S, and with oxygen, sulphurous acid (SO,;) and
sulphuric acid (S0y).

In smothered combustion (as in making charcoal by burning wood under a cover of
earth), nearly all the H and O disappear as CO, COz, and H,0, without a consumption
of all the carbon ; and this happens when plants decompose under a complete covering of
water, or earth, because this excludes the air and confines the changes to the elements of
the plants; and the more complete the protection, the greater will be the proportion saved
of carbon and hydrogen, the combustible elements for the making of coal. With reference
to the making of mineral oil or gas, it is to be noted that if the outside air is wholly
excluded through overlying fine sediments, they may be produced by the direct decomposi-
tion of woody tissues or of animal oils. Thus, if the carbon of the wood (C¢HyO4 nearly)
combines with all the oxygen, making thereby 2 COq, it willleave C4Hy, and 2 C4Hy = CsHjg,
which is the composition of some mineral oil. So in animal oils, as oleic acid, C,3H3402,
on separating COg, there would be left Cy7Hgq, one of the ethylene oils ; or from margaric
acid, Cy7H340, the product would be CysHsq, or a combination of marsh-gas oils. Fossil
fishes are often numerous in coaly beds that afford much oil. (D., Min., 1868, p. 726.)

In the change to ordinary bituminous coal the loss in the hydrogen of the wood,
proportionally to that of the carbon, is about two fifths, and that of the oxygen about
Sour fifths —about 5-5 per cent of such coal (ash excluded) being hydrogen, and 12 to 15
per cent oxygen, with 80 to 81 per cent carbon.

The carbonaceous products from the decomposition of plants and animals
give the black color to soils. In wet soil, other acid products sometimes
form, called humus acids, from the Latin humus, soil, or earth.

The returning to the air of the constituents of a plant, by decay, in the form of
carbonic acid and water, is restoring what was taken and used in the growth of the plant
and balancing the account. The storing of part of the carbon and hydrogen in the
rocks in the form of coal and mineral oil and gas was an abstraction of carbonic acid from
the air, and commenced a debit account which use in combustion by man is doing only a
little in the way of settling. Happily the world is better off for the purification of its
atmosphere.

3. Deoxidation, or the abstraction of oxygen from a compound by any oxi-
dizing substance at hand. — Most deoxidation in nature is done by organic
substances through the process of decay above described. The affinity in the
carbon and hydrogen of the plant for oxygen is so strong that it will take it
away from iron oxides or salts, and many other kinds. It may take O from
Fe,0; and reduce it to FeO; so that if there is then an acid at hand for com-
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bination, as carbonic acid, it may take the FeO and make iron carbonate. Or
if the acid is a humus acid, this acid may combine with the FeO, and, as such
a compound is soluble, the waters may carry it to the marshes for deposition
and re-oxidation.

Since the compounds so made are colorless or nearly so, fragments of a
plant in a rock may whiten the rock around them, thus making blotches in
red sandstones, or a zone may be bleached around stems and roots. Also,
the soaking down of soil waters may make a whitish streak along the top
of the less permeable layers.

In like manner iron sulphate or copperas, ¥e0.80,.7aq (which oxidation of FeS,
often produces, as above explained), may be deoxidized and reduced to FeS, ; that is, either
pyrite or marcasite. Fossil wood may be replaced by pyrite or marcasite as decomposition
goes on, and shells may be changed in like manner, as acid waters at hand dissolve and
remove the calcareous material.

Calcium sulphate, or gypsum, is, by similar deoxidation, converted into calcium sul-
phide, CaS; zinc sulphate, into zinc sulphide, ZnS, the mineral, sphalerite; and lead
sulphate, into lead sulphide, PbS, which is the common lead ore, galena. After the deox-
idation of a sulphate, as gypsum (calcium sulphate), to calcium sulphide, the re-oxidation
of the sulphide may take place, and hydrogen sulphide (sulphuretted hydrogen) may result
through the agency of the water at hand, thus: Ca takes oxygen from the water, making
Ca0, or lime (which may combine at once with COgz to make Ca0.COq, or calcium carbo-
nate), and the sulphur, S, takes the hydrogen thus set free from the water, making SH,,
or hydrogen sulphide (sulphuretted hydrogen) ; for CaS+H;0=CaO+H.S. This is the
ordinary process by which the gas of sulphur springs is made, as for example those of
western New York and Virginia.

By the oxidation of the hydrogen of the hydrogen sulphide making Hs0, or water, the
sulphur, S, becomes deposited. This is a very prominent source of sulphur; and it
accounts for its frequent association with gypsum and limestone.

Further, hydrogen sulphide, SH, (sulphuretted hydrogen), by action on zinc sulphate,
will deoxidize the sulphate and make zinc sulphide ; on iron sulphate, it will make an iron
sulphide ; on lead sulphate, lead sulphide.

But under warm and moist conditions the sulphur may oxidize and make sulphuric acid,
SO,+water; and some sulphuric acid springs in New York have this source. Gypsum
may be formed by such waters if limestone is within their reach. Pfaff states that at
depths in water under a pressure of 40 atmospheres anhydrite will probably form, and not
gypsum. Anhydrite is gypsum minus the water.

It may be added that sulphurous acid, SOs, is formed by the combustion of sulphur
(as in volcanoes) ; and when this gas comes into contact with hydrogen sulphide (SHy),
the sulphur of both is deposited, the oxygen and hydrogen combining to form water ; and
this is one source of the sulphur about volcanoes.

With heat, carbon deoxidizes iron oxide and oxides of other metals, producing the
pure metal.

4. Destructive effects. — Since nine tenths of rocks not limestones contain
one or more of the common iron-bearing silicates, pyroxene, hornblende (or
other species of the hornblende family), or black mica, and almost all rocks
have a sprinkling of pyrite or marcasite, the oxidation process is all-pervading
in its destruction. The presence of water and air being necessary, the more
porous the rock, the deeper and more rapid the decay. The rocks where the



126 DYNAMICAL GEOLOGY.

destructible mineral is a chief constituent become covered with a rusty crust
which is ever encroaching inward; and this crust is slowly reduced to a
rusty earth, having parted with all soluble ingredients; or, losing the rusting
mineral, it finally falls to earth or sand. A porous granite or gneiss contain-
ing black mica may become deeply rusted, and finally reduced to a weak mass
of quartz and unaltered feldspar, — good material for a granitic sandstone.

If narcasite or pyrite is present in any rock, there is not only oxidation,
but corrosion from the sulphuric acid that may be formed, which attacks any
lime present in the minerals of the rock, or any magnesia, or potash, or soda,
or alumina, and makes sulphates with each. The aluminum sulphates are
alums, but strictly so only when potash, soda, or some other base is also
present. Some beds of shale containing iron sulphide are impregnated or
interlaminated with alum which has been thereby made, the shale affording
the alumina of the alum.

Limestones, even the whitest of marbles, often contain a trace of iron
or of manganese in combination, and occasionally masses of the iron car-
bonate, siderite. The iron carbonate, unless in a massive state, readily
oxidizes ; and so also does the iron of the limestone on exposure for a few
months; and this is a commencement of the change in the whole mass to
limonite. The work in progress is illustrated by Fig. 132, representing an

132. 133.

Impure limestone decaying to limonite. Same, with calciferous schist. D.

impure ferriferous limestone as it appears where the alteration is going
on at the Amenia Ore-pit, N.Y., southwest of Salisbury, Conn.; and Fig.
133, the same, with the calciferous schist adjoining also changing. If one
per cent of iron is present, a limestone will rust and decay ; if as much man-
ganese is present, it will become covered with black stains. The massive
siderite changes slowly over the surface and in rifts.

Limonite — the yellow-brown oxide of iron, or yellow ocher —is the most
common result of the oxidation; but hematite, of red-ocher color, is often
produced in warm and rather dry climates. Nearly all red, yellow, and
brown rocks, sand-beds, or earth-beds, owe their color to iron in one of
these two forms.

Oxidation of the iron in pyroxene gives the yellow-brown fronts to trap
bluffs — not their gray and black tints, which are due to lichens; and has
spread delicate surface shades of red and yellow over sandstones in the
Yellowstone Park, and other dry parts of the Rocky Mountains, through
the oxidation of the little iron inside.
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This oxidation process, and other methods of decay, go on with greatest
rapidity in the fissures of rocks, below a surface of soil, because the descend-
ing surface waters keep them almost continuously
wet ; and it is under such circumstances that a rock
which is much fissured or jointed becomes re-
duced to a pile of great bowlders with rusty earth
between, as illustrated in the figure annexed. The
balls of rock here represented are very common in
decomposing rocks from granites and trap to sand-
stones. They are simply a result of surface decay
along the many planes of fracture (Fig. 134). The
decay or oxidation at first produces a thin discolor-
ing of adjoining surfaces, as in the lower part of
the figure; and this continues, eating off the angles, which are attacked from
three directions, until a bluff of solid rock becomes apparently a pile of great
bowlders. With the progress of the alteration, the discolored portion
becomes banded with yellow and brown; and as it deepens, the outer part
of the spheroid sometimes separates in concentric shells, precisely corre-
sponding with the concentric structure of a coneretion. But these concentric
shells are due to the decay that is in progress; and apparently to alternations
in the work of decay dependent on climate and the capillary action above
explained. Rounded stones or bowlders are very often so made. After
separation from the pile, and therefore from exposure to almost permanent
moisture, the masses may decompose outside with extreme slowness.

5. Constructive effects. — As the process is a means of reducing the hardest
rocks to earth and sand, it aids in preparing material for new rock-making,
and also in supplying earth and sand for soil and fertility. Without it, and
one other associated process mentioned beyond, the earth would have had
very scanty geological records and only low-grade life.

This agency has produced, or aided in producing, a large part of the great
and valuable iron ore beds of the world’s history, from Archesean time onward.
The limonite ore beds (often called by miners ¢ hematite” beds) are among
the products. They occur of great size and value in West Stockbridge,
Mass., Salisbury, Conn., Amenia and elsewhere in New York, in eastern
Pennsylvania, western Virginia, and farther south to Alabama, as a result of
the oxidation chiefly of a ferriferous limestone, and of any iron carbonate
the limestone may contain. In the formation of the iron oxide, carbonic
acid is set free, and the weakened calcareous rock is hence readily removed
by percolating waters; hence great cavities are made by the process, ready to
receive the ore as it is produced. Any slates or schists adjoining are also
destroyed by the action.

Iron sulphides have been the source of similar beds, but such ore is
likely to contain some sulphur. The Amenia ore bed is a good place for
studying the formation of the ore from both a ferriferous limestone and
a massive iron carbonate. These ore-beds, although superficial, cannot be
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affirmed to be modern; for they have probably been in progress ever since
the land first emerged from the ocean so that air and water could begin the
work.

In the destruction of the iron-bearing minerals of surface rocks, the iron
oxide combined with a humus acid is often carried into marshes to make
“bog iron ores.” The ores thus formed have much value, although likely
to contain phosphates as impurity, because of the animal and vegetable mat-
ters that live and die, or find burial, in swamps.

The consolidation of beds of sand and gravel, or layers of rock, is another
of the constructive effects of the iron oxide that is distributed through the
material of the beds. In the simplest form of it, the waters, filtering
through soil and gravel, take up enough oxide of iron to cement a bed of
pebbles lying at a lower level on another layer sufficiently close in texture
to hold the water and give the iron a chance to deposit; and this is one
way in which what is called hard-pan is sometimes made. The underlying
impervious bed is not absolutely necessary to the result, although promoting
it. The pebbles wet with the ferruginous waters, when they dry in times
of drought, take a deposit of iron; and this process may end in complete
consolidation. In other cases the oxide is produced throughout the deposit
under the action of infiltrating waters, and slowly becomes a cement as it
solidifies.

This mode of consolidation without aid of heat is not the most common
nor the most efficient.

The beds of sulphur of the world have been made by the two processes
mentioned on page 125, and chiefly the former.

HyprATION, OR THE CHEMICAL ABSORPTION OF WATER.

Many minerals take up water on “weathering.” But this usually is
an accompaniment of commencing decomposition. An example of simple
hydration of geological importance is the change of anhydrite (Ca0.80,) to
gypsum (Ca0.50,2H,0). As the minerals are very unlike in cleavage, and
both occur in large beds, the change is strikingly noticeable.

CarBoNICc Acip, Humus AcIDs.

1. General action. — Carbonic acid (CO,) is ever present in the atmos-
phere, of which it constitutes 3 parts in 10,000 by volume, and in all rain
water, river water, and sea water. It is often given off by mineral springs,
and occasionally escapes in large volumes from fissures in voleanie regions.
In the northeast corner of Yellowstone Park is “Death Gulch,” where the
gas rises freely from the waters of Cache Creek, to the destruction of bears
and other wild animals. Butterflies and other insects, besides skeletons of
bears, elk, squirrels, etc., attest to its deadly character (W. H. Weed, 1889).
Death’s Valley in Asia Minor, and the Dog’s Grotto at the Solfatara near
Naples, are other localities of escaping carbonic acid.
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Carbonic acid is given out in respiration, and is a product of animal and
vegetable decay; and by this means it becomes distributed through the air
and waters. The humus acids, among the results of vegetable and animal
decay by oxidation, occur in all damp soils in which such decay is going
on. The action of these acids has been studied by A. A. Julien! They
are effective especially through tueir affinity for iron protoxide, magnesia,
lime, soda, potash, and some other protoxide bases.

a. In water, carbonic acid takes up calcium carbonates from any calcareous material,
whether in the state of limestone, or in other conditions, to make calcium bicarbonate
for transportation. On evaporation, the bicarbonate again becomes calcium carbonate.
The amount taken up is increased by the presence of magnesium or sodium sulphate in the
waters (Hunt). The Mammoth Hot Springs contain 0-6254 parts of calcium carbonate
in 1000 of water, which is over 4 times as much as pure water saturated with carbonic acid
will take up (Russell).

b. It takes the bases —potash, soda, lime —out of a feldspar, thus destroying the
mineral to as great a depth in a rock as the carbonated water and air can penetrate,
and reduces it to clay. This is true especially of the potash-feldspars, orthoclase, and
microcline. The same work is done by the humus acids. The clay results thus: Ortho-
clase consists of silica, alumina, and potash. In the change it loses the potash and part of
the silica, and becomes silica, alumina, and water. Thus the compound, Kz0.Al;03.S140;5,
becomes Ho0.Aly03.8i:0,, and 1 of water. Half of the water (H;0) received replaces
the potash (Kq0) lost.

¢. Carbonic acid decomposes other minerals in a similar way, taking out the protoxide
bases. It may thus form a soluble iron bicarbonate in waters, which streamlets may
convey to marshes. But only a trace of this iron salt can be held in waters under the
existing atmospheric pressure. The humus acids also make, with iron, soluble salts, and
do, at present, the chief part of such transportation for the making of bog ores. On the
evaporation of the solvent waters, the iron in each case is usually deposited as hydrous
sesquioxide or limonite.

d. Further: it is supposed that carbonic and humus acids may aid in the oxidation
of the protoxide-iron of a mineral by bringing it to the surface of a mass of porous rocks,
so as to make the oxidation possible.

2. Destructive effects. — For the reasons stated carbonated water con-
taining humus acids has done a vast amount of eroding work.

(«) Draining out by infiltrating waters. — The lightest work is the drain-
ing of any soluble ingredient out of a rock. Calcareous grains are thus
drained from a porous calcareous sandstone, or quartzyte, increasing its
porosity. So also calcareous fossils are removed from rocks that admit infil-
trating waters, leaving the rock cellular. When a crystalline limestone or
marble, a porous rock, consists of dolomite, but contains mixed calcite, all
the calcite grains are drained out because they are the most soluble, and
the rest are left to fall to loose sand, an effect exemplified in many places
over Canaan, Conn., and Berkshire County, Mass. If the fossils of a lime-
stone are made of calcite and aragonite (the latter the prismatic calcium
carbonate), the aragonite portion is taken away—a fact first reported by
Sorby. Shells of the kind referred to are those of the genera Pinna, Mytilus,

1 On the reaction of the humus acids see A. A. Julien, Rep. Amer. Assoc., 1879.
DANA’S MANUAL —9
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Spondylus, Patella, Fusus, Purpura, and Littorina, in which the inner pearly
layer is aragonite, and the outer calcite. The shells of most Gastropods
and of Cephalopods are aragonite; and Corals, including the Millepores, are
mainly so; while shells of Rhizopods, Echinoderms, and Brachiopods consist
of calcite.

Further, if the limestone contains iron or manganese combined with the
calcite, carbonated water will bring the iron to the surface, or the iron car-
bonate, or the manganese, for oxidation, weakening and discoloring the rock.
The action on feldspar, above mentioned, is a common means of destruction
in the case of granites and related rocks.

(b) Process of draining limited. — But it is also to be observed that these
effects occur only so far as the rocks are porous. The fossils of compact
argillaceous sandstones and shales —common kinds of fossiliferous rocks
and some dating from the Cambrian —are seldom drained out or injured
at all by infiltrating waters, except when near the surface. The iron and
manganese taken out of some crystalline limestones are removed only for a
short distance inward; but the process destroys the limestone as it eats in,
and is thus enabled to erode farther. Deep below the surface the same rocks
are solid and not discolored. All deep-water rocks are moist, but the moist-
ure is ordinarily stationary unless a surface drought reaches downward, or
an invasion of heat comes upward from below, when the moisture thus lost
may be later replaced. Even beds of salt in subterranean rocks are not
dissolved away.

(¢) Surface erosion.— Waters containing carbonic acid or hurmus acids
eat away the surface of solid limestone, fluting precipices, widening crevices,
excavating caverns. They often leave calcareous fossils projecting slightly
above the surface, and develop with great perfection silicified kinds. The
length of the caverns thus made in the Carboniferous limestone of Kentucky,

Making of caverns in limestone. Shaler.

a rock 200 to 1000 feet thick, is estimated by N. S. Shaler to amount to
100,000 miles. The work is begun by the descent of waters along joints
in the rock, whenever there is a chance for discharge below, by running
down or trickling along between layers of the limestone. The process and
result are illustrated in the above figure by Shaler. In the movement of the
waters, the fissure or joint (B) becomes enlarged to a “sink-hole,” and exca-
vation begins between the layers. The end is a great cave, having, it may
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be, its spacious chambers, high water-falls, and free-flowing rivers. The
flowing waters sometimes work also by abrasion; but there is usually little
loose material to transport for the purpose of abrasion.

In a similar way limestone cliffs have been chiseled into ranges of
turrets, and deep recesses and channels made for rivers through lime-
stone strata.

The excavation of the lagoon basins of coral islands has been attributed
erroneously to erosion by the carbonic acid of the sea water.

(d) Except for surface erosion, limestone consisting of pure caleite, free
from iron sulphides, is a durable rock, whether uncrystalline or crystalline,
as in the case of the Carrara marble, of which such marvelous structures as
the Milan cathedral have been made. But a magnesian limestone or dolo-
myte, when crystalline, is often easily destructible, because, as already stated,
the porous rock is likely to contain disseminated calcite; and as this is
more soluble than dolomyte, percolating waters carry it off, leaving the rest
in the state of sand —a bad condition for the marble temple that may be
made of it. The presence of the calcite can be detected only by observing
whether, at any exposure of a layer in the region of a quarry, it is
turning to sand.

Polished limestone marble containing any chert or other hard mineral,
if employed in out-door ornamentation or on monuments, is sure to weather
rough and become unsightly, and the chert may be made to stand out in
ragged points or knobs. Even the vertical movement of the atmosphere
over polished marbles will in time take off or dim the polish.

(e) Since carbonic acid attacks feldspar as well as other minerals, this
agency, and that of oxidation, leave scarcely any kind of rock safe against
destruction. Those are safest that are free from iron sulphides, and
especially those that are so fine-grained and compact that water cannot
gain access. Hence, the method of testing rocks for porosity by ascertaining
how much water they will absorb in 24 hours is excellent. Some slate
rocks are very durable because of their fine grain and the absence of any
soluble minerals. Some granites absorb little water, some very much; and
the latter are easily destructible.

3. Constructive effects. — (a) Calcareous deposits. — The most familiar
deposits of this kind are the stalactites and stalagmites of caverns, dripstone
formations ; so-called because made by the calcareous waters dropping from
the roofs. The ¢ Gibraltar rock ” is stalagmite. Still more interesting are
the travertine or tufa deposits of streams. Leaves, nuts, and stems are often
petrified by calcareous waters.

The travertine of Tivoli, near Rome, constitutes a large deposit along the
Anio, whose waters are there strongly calcareous. Along Gardiners River,
in the region of the Yellowstone Park, thick limestone deposits have been
made, as is well illustrated and described in the Reports of Hayden’s
Geological Survey of the Territories. The calcareous waters, in descend-
ing the slopes of the hills, have made a series of parapets at different
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levels, inclosing basins, over which the water drips or plunges on its way
to the bottom, as illustrated in Fig. 136. Travertine is usually somewhat
cellular and concretionary in structure if not in exterior formns, unlike the

even-grained material of ordinary limestone.

136.
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Calcareous formations. Mammoth Hot Springs, Gardiners River. Phot. by Jackson,

About the lakes of the Great Basin calcareous deposits have unusual
extent and variety of forms, rising often into groups of rounded columns,
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Tufa deposits, Lake Mono. I.C. Russell.

towers, domes, and other shapes. One example, taken from I. C. Russell’s
Report on Lake Mono (1889), is illustrated in Fig. 137. These deposits
are also abundant in other parts of the Basin.
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Some of the travertine deposits of Gardiners River and elsewhere are a
result of the growth and secretions of Conferva-like plants, as explained bv
W. H. Weed.

In the Lahontan and
Mono basins,as described
by King and later by
Russell, he material has
often a erystalline form,
the origin of which is
yet unexplained : this
variety is the thinolite
of King. A common
form is represented in
Fig. 138.

The beautiful trans-
lucent limestone of Te-
cali, Mexico, often
wrongly called onyx, because banded in colors when polished, is a calcareous
deposit failing of the coarse and irregular grain of travertine.

Thinolite : from Lake Mono. I.C. Russell.

(b) Consolidation. — Of still greater geological range is the cementing
work done by calecareous waters. Ordinary sea water, especially where
shells and corals abound, consolidates sands made from coral and shell into
limestone. The beach sands, drifted sands, and sands over the reefs, when
drying from exposure to the air, become cemented in this way. Conglom-
erates are also made of broken corals, shells, and ealcareous or other pebbles,
and breccias, in this, as in other ages, out of a talus or any accumulation of
limestone blocks.

The under-water calcareous sands, as those about coral reefs, also become
cemented by the same means, but into a compact limestone like ordinary
limestones, showing usually no sand-like grains in the texture.

(¢) Dolomyte-making. — Even dolomyte, (1CaiMg) O,C, owes its origin at
times —if not always —to the conditions that exist in the history of coral
reefs when the magnesia, required to make the calcareous grains magnesian,
could have had no source but the ocean. One case of the kind is reported
by the author (1849) from the island of Metia, an elevated atoll north of
Tahiti (Corals and Coral Islands, page 393). The rock is a compact white
limestone. An analysis by B. Silliman proved that it contained 38-07 per
cent of magnesium carbonate, the rest being calcium carbonate. The very
fine texture of the rock indicates that it was made of the finest of calcareous
ooze or mud, such as forms through gentle wave-action in shallow lagoons;
and in sueh lagoons, mainly shut off from the sea, and therefore in a
“salt-pan” condition (page 120), the concentrated brines contained the
magnesium chloride and sulphate in a state that favored the formation of
dolomyte.
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The change, if produced through the magnesium chloride (MgCl), required the removal
of § Ca by the chlorine of an equivalent amount of Mg. If this is the true theory of dolo-
myte-making, then great shallow areas or basins of salt-pan character must have existed
in past time over various parts of the continental area and have been a result of the oscilla-
tions of the water level. Such magnesian limestones contain few fossils, partly because of
the fine trituration, and partly, no doubt, because of the unusually briny condition of the
waters. The frequent alternation of calcite and dolomyte strata would indicate alternations
between the clear-water and salt-pan conditions. Dolomization, in the case of such beds,
has often taken place after partial or complete consolidation; for many dolomytes are
exceedingly porous, because of the diminished bulk of the dolomyte — one eighth to one
tenth. T. S. Hunt made the porosity of several Canadian Lower Silurian dolomytes, 10
to 13} per cent (1866).

Local cases of alteration are well known. Adolf Schmidt mentions such at the lead
mines of Missouri, which he attributes (following Bischof) to the action of magnesium
bicarbonate.

In a memoir on the famous dolomyte region of the Tyrol, Dolter and Hornes, geol-
ogists of Vienna, discuss this subject at length, and reach the following conclusions:
(1) Some large limestones, weakly dolomitic, may have been made out of those organic
secretions which contain a little magnesia ; (2) minor cases of the production of dolomyte
are due to the alteration of limestone through the introduction of magnesium carbonate ;
but (3) the larger part of dolomyte formations, whether more or less rich in magnesia, have
been formed from organic calcareous secretions through the action of the magnesium salts
of sea water, especially the chloride.

(d) Making of clay and soil. —Pure white clay, or kaolin, used in mak-
ing porcelain, is sometimes in strata of wide extent; and the common impure
river-valley clays, employed in brick-making and coarser pottery, have no
less value. One of the largest kaolin beds in New England, at New Marl-
boro, in Berkshire County, Mass., was probably made by the decomposition of
the orthoclase that was disseminated through quartzyte, and its removal by
percolating waters to the bed of a streamlet; for in other localities in
Berkshire this result is now going on from the same quartzyte. The absence
of black mica and other iron-bearing minerals insured its being white.

() The blanching of red and rusty rocks by waters containing carbonic acid
and organic acids or materials is a common and important effect. Colored
clays are drained of their iron oxide and whitened by percolating waters. A
deeply rusted block of basalt or granite may thus be made to have a white
exterior an inch or more deep.

(f) Again, the impurities of a limestone are sometimes made available for
soil, by the continued action of carbonated waters, and the removal thereby of
the calcareous part. Shells and corals contain about 0-5 per cent of impurity,
consisting chiefly of iron oxide and alumina; and the action of the rains over
the hills of coral sand-rock on Bermuda, through centuries past, has left a
residuum of red earth which is the soil of the island, as Wyville Thomson
suggested. The red ooze or mud over much of the ocean’s bottom below
2500 fathoms is due chiefly to the removal, in like manner, of the calcium car-
bonate of the Globigerine and other Rhizopods, in consequence of an excess
of carbonic acid in the bottom or abyssal waters. The life of the sea-bottom
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has no accompanying vegetation to use up the carbonic acid of resI.)iration
and decomposition, and this gas would therefore become accumulated in its
depressions.

SILICA: QUARTZ AND OprAL SILICA.

Silica in solution does the greater part of its geological work when aided
by heat. Still much consolidation has been carried on by cold solutions,
especially solutions of alkaline silicates, as potassium and sodium silicates.
The former of these silicates is the waterglass of the shops, K,0. 4 Si0,,
much used for making artificial stone and for other purposes.

‘Waters percolating through beds of voleanic ashes, by decomposing the
feldspar present, take up silica and deposit it in the form of quartz and
opal, making silicified wood and the finest of opals. In this way petrified
forests have been made. In Napa County, California, according to the
descriptions of O. C. Marsh, in 1871, one of the prostrate trunks of the
silicified forest, exposed to view by the washing away of the tufa and
tufaceous sandstone, was 63 feet long, and 7 feet in diameter. In the Yel-
lowstone Park, according to W. H. Holmes, in his paper of 1878, the forest
trunks, from one to ten feet in diameter, are at several horizons in a deposit
of tufa 5000 feet thick, indicating successive disastrous showers of volcanic
ashes, at intervals long enough for the growth of a great forest. In Arizona,
near Carrizo, in Apache County. there is a noted locality which affords aga-
tized wood of great beauty, which has been well named Chalcedony Park. In
such cases heat from hot springs may often have given aid; but it is probable
that the temperature in the Yellowstone region was only that of the descend-
ing volcanic ashes and accompanying rainfall. The decomposition of the out-
side of trap sets silica free, which coats the surface with a whitish pearly
layer of opal silica.

Beds of Diatoms and other siliceous organisms are sometimes converted
by percolating waters into opal. The siliceous organisms that were originally
disseminated in the calcareous materials out of which limestones and chalk
were made were the source of the flint and chert, that occur in these rocks.
Siliceous sponge-spicules constitute a chief part. This was early proved for
flint, and for Lower Devonian and Lower Silurian cherts; but it has been
proved to be true, by Dr. G. J. Hinde, for cherts or flints of all geological
ages, whatever the size of the beds.

The silicification of wood referred to above is in part due to silica from
siliceous organisms.

The amount of silicification of fossils that has taken place in cold rocks makes it
probable that more consolidation is due to the process than has been supposed. Cases of
the hardening of the exposed surface of a sandstone or quartzyte, making a hard crust,
described by M. E. Wadsworth (1883), have an important bearing on the subject. He
speaks of a block of white Potsdam sandstone, in Wisconsin, which was friable on the
protected side, but on the side exposed to the prevailing storms was nearly a quartzyte ;
and a surface freshly exposed by fractures was found, six months later, to be much
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indurated. The St. Peter’s sandstone afforded similar facts. In one case the cavities
over the exposed surface had a lining of quartz crystals, while the rock a few inches
below had the common friable character. The effects were connected in some way with
weathering processes. In some cases of the kind the silica may have come from the
decomposing action of percolating acid waters on feldspar grains sparsely disseminated
through the rock.

Over the cold bottom of the ocean some silicates have been formed. Among them
are masses or concretions of bronzite, a silicate of magnesia and iron related to pyroxene,
and small crystalline groups of Phillipsite (Christianite). At depths of 2200 fathoms and
over, the pressure on the bottom is 5000 to 12,000 pounds to the square inch; and this
may favor the production of silicates, where the siliceous parts of Sponges, Diatoms, or
Radiolarians abound, with the results of the decomposition of volcanic dust and pumice,
Another silicate of common occurrence, forming in shallow water as well as in deep, is
the green-sand called glauconite, a hydrous silicate of iron and potash.

CHEMICAL WORK OF LIiviNg ORGANISMS.

Respiration in animals, and also in plants, is a means of introducing oxy-
gen from the air to carry on processes of oxidation among the elements in
the structure, and the excretion of carbonic acid is one prime result. The
growth of green plants, however, depends on a deoxidation process, the car-
bonic acid of the air being decomposed in the sunlight by the green color-
ing-matter (chlorophyll) of the plant, its carbon forming the food of the
plant and its owygen being set free. Plants of the Fungus division (Mush-
rooms and the Microbes) are not green (have no chlorophyll), and eannot
get their food directly from the carbonic acid in the air. The chemical work
of life of most geological importance, apart from the making of coal and
related products, is that carried on by the lower plants; and only this is here
briefly considered.

Plants, and especially the lower Cryptogams, contribute chemically to
geological change through their roots or the fibers with which they come
in contact with rocks. The acidity of roots is often very decided, as is
manifest from the furrows they make in the surfaces of stones, and especially
in limestones. Roots of plants germinated in sand over a slab of marble
leave an imprint on the marble. Professor Storer observes that “it is to be
noted that this action by chemical corrosion through the roots is incessant
and continuous.” The lichen Stereocaulon Vesuvianum, which grows on
rocks, and among them on Vesuvian lavas, affords one ninth its weight of
ash; which from one Vesuvian specimen, according to Roth, contained silica
46-41, alumina 1967, Fe,0, 6-88, FeO 4-17, magnesia 523, lime 10-53, soda
202, potash 4-09 = 99-00. For other analyses, see page 75.

The microbes, or Bacteria, are at the bottom in much of the world’s chem-
istry. They do not get food from carbon dioxide, but, like true Fungi, find
it in other compounds: for example, those consisting of carbon, hydrogen,
and oxygen, as sugar, starch; or those containing these elements and nitro-
gen, etc.,, as albumen, muscle, or even a mineral sulphate; they taking
the part of the compound required for food, and leaving the rest to
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form other products, at the same time usually giving out carbonic acid as
a result of the plant’s assimilation. The processes of oxidation and deoxi-
dation are carried on by them; and it is a question whether, in the particular
cases mentioned on the preceding pages, the changes are not dependent on
the presence of microbes. They set sulphur free from sulphates (genus
Beggiatoa) ; make ammonia and nitrates (Micrococcus nitrificans), deoxidize
nitrates and ogher salts; aid plants in taking up nitrogen through the roots ;
probably aid animals in their digestive processes, besides causing some of
their diseases; they are the basis of all processes of fermentation, and
are concerned fundamentally in animal putrefaction and vegetable decay.
Tyndall proved that flesh would not decay if shut away from Bacteria —
the strong affinities of its elements being unable to take a start without
help from these minutest of plants. The Bacteria are the smallest of
workers and among the largest of producers.

In garden earth which is free from compost, as T. Leone found, the nitrification process
converts the nitrous acid into nitrate ; while, on adding compost, the nitrate is deoxidized,
and ammonia is given out ; orin gelatine or other proteid substance and water, the organic
substance is rapidly oxidized, attended by denitrification and the production of ammonia.
Bacteria liquify muscle and coagulated gelatine, and, according to Brunton and Mac-
fadyen, by producing a peptone-like solvent ; and the same kinds produce fermentation
in starch and similar non-nitrogenous carbo-hydrogen materials.

This organic source of nitrates explains their occurrence in the earth of caverns,
or beneath sheds, and in other covered places; also of the loosening of the sands of sand-
stones in such places —an agency that may in time cause a vast amount of degrada-
tion and removal.

The native nitrate is usually either sodium or calcium nitrate, but sometimes
potassium nitrate. The latter, which is salt-peter of the shops, is usually made from
the others. In Kentucky caves the calcium nitrate occurs, the caves being in limestone.
Sodium nitrate exists in the district of Tarapaca, northern Chile, over a great extent of
surface, 3300 feet above the sea, in beds several feet thick, which have a covering of earth.
and a layer of gypsum, and contain some common salt. Moreover, underneath the bed
occur common salt, glauber salt, gypsum, magnesia alum, and large quantities of borates ;
all of which indicate deposits from hot springs or evaporated sea water. But the source
of the nitrate remains unexplained. This Tarapaca region of western South America is
much like the Great Basin of North America in position, dryness, and saline deposits.

MEecHANICAL WoRK OF CHEMICAL Propucrts.

In oxidation and other processes yielding solid products, particles of the
new material, when formed among the grains of the surface portion of a rock,
or in its rifts, act like growing wedges in loosening and detaching the grains,
and opening and extending rifts. The following figure represents a piece of
quartzyte from Canaan, Conn., divided up, or septated, by the oxidation
process. It looks like breccia, in which limonite is the ecement; and speci-
mens from the region were long so considered. But it was produced by
the formation and infiltration of limonite. The rifts were thus widened into
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rents ; moreover, the iron oxide spread either side, staining the rock, pro-
ducing the appearance of very wide rifts. Along one rift there is an open
space from the loss of grains, and in it a crust
of newly formed quartz crystals. The process
often results in pushing the pieces out of place.
Where saline efflorescences —as alums, ni-
trates, alkaline carbonates, or chlorides —are
produced in the pores of a sandstone, the surface
grains are successively pried off. Much denuda-
tion is thus produced, especially in arid regions.
The process often makes a series of excavations
along the front of bluffs. The process goes on
most actively in covered places and during the
heat of the day. A shale often has its lamine
separated by layers of the salt or oxide, and fragments detached.
Displacement by intrusion of crystalline material is a common process.
The following figure illustrates a case in which crystals of tourmaline in
mica schist are pushed apart at planes of fracture by intruding quartz (the
dotted portion) from a siliceous solution. After the first deposit of quartz
within the fracture, the additions were made between this deposit and the
adjoining part of the crystal,
and so the wedging apart
went on. A.H.Worthen has
described Crinoids, from the é@g @2
Keokuk limestone, as split &0
open and enlarged in this w
way, and one Barycrinus that
was thus made a foot in di- @ ¢ 8
ameter. The tubular stems % % %
are increased four to six di-

5
6
ameters in the process. The \ % ﬂ

siliceous solution supplying
tjhe quartz of the Keokuk Broken crystals of tourmaline displaced by intruded quartz,
limestone was probably not Lenox, Mass. D. ’85.

heated.

The displacements may be great when large masses of a rock undergo
change to a kind requiring additional space. In the change of a bed of
anhydrite to gypsum the increase of bulk, due to the added water (page 128),
is nearly 60 per cent. Dividing the atomic weight of anhydrite, which is
136, by the specific gravity, 2:95, gives 46-1 for the bulk ; and that of gypsum,
172, by its specific gravity, 2-33, gives the bulk 738, making thus the gain
in bulk from 461 to 73:8. The change is hence attended by a breaking
and displacement of any overlying beds of rock. In the change of calcite
to true dolomyte, (}CalMg) CO,, there is a diminution in bulk of one
eighth per cent (or one tenth, if the composition is (3Ca 1 Mg) CO,); which,

139.

Quartzyte septaria, D. ’84,

140.
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if it takes place in a bed of calcite after its consolidation, would cause frac-
tures, or make the rock porous and thus capable of holding much mineral
oil (page 134), as in the Findlay oil region of Ohio.

CONCRETIONARY CONSOLIDATION.

The methods of consolidation that have been mentioned in the preced-
ing pages are (1) by calcareous waters; (2) by ferruginous waters; (3) by
siliceous solutions. Limestones, and rocks only partly calcareous, have been
consolidated almost solely by the first of these methods. The second method
is feeble in its results, and occurs in gravel deposits. Rocks that are colored
by iron oxide, and appear to have a ferruginous cement, have usually been
solidified by the third method.

Consolidation is often commenced or attended with concretionary consoli-
dation, or accretion around centers throughout the mass, as illustrated on
page 97. Isolated concretions often form in deposits of earth, clay, or other
material, when they contain disseminated calcareous grains (derived from
ground shells, or any other source). Percolating waters, aided by the car-
bonic or humus acids which such waters are likely to contain, dissolve the
grains and deposit the material, in a drying time, around grains, or any
small object, as a nucleus. In like manner, concretions of limonite and
iron carbonate are made, if any ferruginous grains or any decomposable iron-
bearing mineral is present. Occasionally other materials make disseminated
concretions.

The form of the concretion is not owing to any central control of the
molecular deposition, but to the regular progress of the superficial accretion,
and to the rate of supply of the mineral solution in vertical and horizontal
directions, together with the shapes of the nuclei.

The growth of the concentric forms above described is peripheral. There
is also centripetal consolidation, or from the exterior inward. It commences
outside, owing to outside evaporation and the consequent deposition of the
concreting agent. The agent is commonly ferruginous. This process of
outside drying is exemplified by the drying away of a spot of milk two
inches or so in diameter on a slab of stone (as observed by the author): the
evaporation goes on at the outer margin, and makes there the first ring,
capillary attraction inside of this ring contributing material toward it;
this outer ring completed, another ring begins and forms at the new outer
margin of the milk-spot; and so ring after ring forms, until the spot of
milk is reduced to a series of whitish rings. On the same principle, shell
after shell may form in a sand-bed penetrated with a ferruginous solution,
because drying is gradual from the outside; or there may be a single outer
shell, with loose sand inside ; or a central ball in the loose sand. The center
of the coneretion may originally have been a piece of the decomposing iron-
bearing mineral which afforded the ferruginous solution.

The concentric rings of ferruginous coloration in Fig. 141 had probably
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this mode of origin. The two sets of rings were either side of a crack in
the rock, and had together a diameter of about twenty feet.

Fig. 142 represents concentric areolets between mud cracks in an argilla-
ceous shale, made by siliceous waters at the time of the consolidation, when
the mud cracks were likewise filled with quartz, a layer of quartz being

Concentric discoloration, Illewarra, N.S.W. D.’49. Concentric structure, Australia. D, 49,

deposited against each wall. Whether in this case the concentric consolida-
tion was centrifugal or centripetal is not ascertained. Seashore wear of the
rock brought the structure to view.

See further, on Lithophysce, page 337.

II. LIFE: ITS MECHANICAL WORK AND ROCK CONTRIBUTIONS.

The making of rocks out of organic contributions, and the protective,
transporting, and destructive effects of life, are the subjects here under
consideration.

GENERAL REMARKS ON ROCK-MAKING.

1. Materials Afforded by Plants and Animals.

The organic contributions to rock-making are mentioned on page 71. Tt
appears that

Praxts afford —

Calcareous material for rocks: mainly through Nullipores and Coceoliths,
and other calecareons Alge or the lowest of Cryptogams.

Siliceous material : through Diatoms, and some confervoid Algz; and spar-
ingly through other plants, the ashes of which afford some silica and alumina.

Carbonaceous materials: through plants of all kinds, but especially those
that flourish in wet soils and marshes, where means of burial are convenient.

Axtvars afford —

Calcareous material : through Rhizopods among Protozoans ; Spongiozoans
with caleareous spicules, to a very small extent; Actinozoans, or the Corals ;
Hydrozoans of the Hydroid section; the lower Echinoderms or the Crinoids
and Cystoids, and other Echinoderms sparingly; Molluscoids, as the Brachio-
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pods and Bryozoans; Mollusks of all the divisions; Articulates, or Worms
and Arthropods, very sparingly ; and sparingly, Fishes among Vertebrates,
and very sparingly, other Vertebrates.

Siliceous material: through Radiolarians among Protozoans; and exten-
sively, Spongiozoans having siliceous spicules or skeleton.

Carbonaceous materials: sparingly through the decomposition of aquatic
species and the dissemination of organic matters in bottom muds.

Phosphatic materials : chiefly through excrementitious matters ; sparingly
from shells of some of the lower Brachiopods, and of Pteropods; sparingly
from tests of Trilobites, Crustaceans, and other Arthropods, and bones of
Vertebrates ; and animal tissues. For analyses see page 72.

2. Relations of the Kinds of Life to Rock-making.

The fitness of species for rock-making depends not only on the amount
and character of their stony secretions, but also on their geographical distri-
bution, and this on their relations, as regards growth, to temperature, light,
moisture, and the composition and mechanical condition of the air, waters,
or soil inhabited ; the height over the land, the depth in the water, and all
conditions affecting growth and burial.

Marine species of plants and animals are those most likely to become
fossils, and so to contribute to rock-formations; and, among terrestrial spe-
cies, those that live in lakes or marshes, or along their shores or borders.
The reasons are two: (1) Because almost all fossiliferous rocks are of marine
origin; and (2) because organisms buried under water, or in wet deposits,
are preserved from that complete decomposition to which many are liable
when exposed on the dry soil, and are also protected from other sources
of destruetion.

Over the land, the chance of burial is very small. Plants and all animal
matter pass off in gases, when exposed in the atmosphere or in dry earth;
and bones and shells become slowly removed in solution, when buried in
sands through which waters may percolate. Vertebrate animals, as Fishes,
Reptiles, etc., which fall to pieces when the animal portion is removed, require
speedy burial after death, to escape destruction from this source as well as
from animals that would prey upon them.

Among Insects the species that frequent marshy regions, and especially
those whose larves live in the water, are the most common fossils, as the
Neuropters ; while Spiders, and the Insects that live about the flowers of the
land, are of rare occurrence. Waders, among Birds, are more likely to
become buried and preserved, than those which frequent dry forests. But,
whatever their habits, Birds are among the rarest of fossils, because they
usually die on the land, are sought for as food by numberless other spe-
cies, and have slender hollow bones that are easily destroyed. Mastodons
have been mired in marshes, and thus have been preserved to the present
time; while the thousands that died over the dry plains and hills have
left no relies.
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The animals generally of the ocean are little liable to extermination from
changes of climate over the land ; and hence some marine invertebrate species
of the early Tertiary, many of the later, and all of the Quaternary, have
continued on until now, while, as regards terrestrial animal life, there were
in this interval many successive faunas.

The lowest species of life’ are the best rock-makers; namely, Corals, Cri-
noids, Rhizopods; Diatoms, Millepores, Bryozoans, Brachiopods, Mollusks;
for the reason that the structures of only the simplest kinds can consist
mostly of stone and still perform all their functions. Multiplication of bulk
for bulk is more rapid with the minute and simple species than with the
higher kinds; for all animals grow prineipally by the multiplication of cells;
and when single cells or minute groups of them, as in the Rhizopods, are
independent animals, the increase may still be the same in rate per cubic
foot, or even much more rapid, on account of the simplicity of structure.

While, therefore, we may conclude that we have, in known fossils, a fair
though incomplete representation of the marine life of the globe, we know
very little of its terrestrial life,—enough to assure us of its general course
of progress, but not enough for any estimate of the number of living species
over the land; or for safe deductions as to lines of succession.

Geology may have within reach of study fossils representing a twentieth
of its marine life; but it has not more than a thousandth of its terres-
trial life.

Some examples of marine accumulation. — (1) Beds of oysters, along with
other living species, exist in the shallow seas, as off the coast of North
America, but in waters too deep for disturbance by the waves. Sands or earth
encroach upon them through the marine currents, but not to the destruction
of the species. Afterward, through some geological change, beds of detritus
are washed over them, exterminating the oysters and perhaps other species
also. This is one case; and in it the fossils are unbroken. (2) In another
place, the relics of the life of the coast, the shells, Corals, Crustaceans, ete.,
live so near the sea level as to be within reach of the waves, and hence they
may be dislodged at times of heavy storms, and may become ground into
fragments and sand; or they may be contributed to under-water banks, and
some of the shells may be scarcely worn, and therefore good fossils. (3) In
another case, the worn fragments, coarse and fine, may be washed up a beach
and ground fine or coarse by wave action. (4) Again, the species may live
over seashore flats which are so shallow that the triturating waves act gently,
and all relics thereby become ground to mud, and not one is left to make a
distinguishable fossil. ~ (5) Again, where barriers off a seacoast exclude the
salt water with its marine life, not a sea-relic of any kind may be put into
the accumulating seashore beds until some change of conditions removes the
barrier.

3. Methods of Fossilization.

In the simplest kind of fossilization there is merely a burial of the relic

in earth or accumulating detritus, where it undergoes no change. Examples
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of this kind are not common. Siliceous Diatoms and flint implements are
among them.

In general, there is a change of some kind; usually, either a loss, by
decomposition, of the less enduring part of the organic relic, with sometimes
the forming of new produects in the course of the decomposition, or an altera-
tion, through chemical means, changing the texture of the fossil, or petrify-
ing it, as in the turning of wood into stone.

The change may consist in a fading or blanching of the original colors ; in a partial or
complete loss of the decomposable animal portion of the bone or shell, a process that leaves
shells and bones fragile. It may be a loss of part of the mineral ingredients by solvent
waters, as of the phosphates and fluorides of a bone or shell ; or a general alteration of the
original organism, leaving behind only one or two ingredients of the whole; or a combin~
ing of the old elements into new compounds, as when a plant decays and changes to coal or
one or more carbohydrogens, a resin to amber, animal matter to adipocere. It may be
merely one of crystallization.

The change often consists in the reception of new mineral matter into the pores or
cellules of the fossil, as when bones are penetrated by limestone or oxide of iron. Through
this method bones may become as firm as when living, though also much heavier.

The change is frequently a true petrifaction, in which there is a substitution of new
mineral material for the original; as when a shell, coral, or wood is changed to a siliceous
fossil, through a process in which the organism was subjected to the action of waters con-
taining silica in solution. In other cases, the organism becomes changed to calcium car-
bonate, as in much petrified wood ; and in others, to oxide of iron, or to pyrite; and more
rarely to fluor spar, barite, or apatite.

The mineral matter first fills the cells of the wood, and then takes the place of each
particle as it decomposes and passes away, until finally the original material is all gone.
Some fossil logs are carbonized at one end and silicified at the other.

The silica in most siliceous petrifactions has come from siliceous organisms, such
as species of Sponges, or shells of Diatoms, from living species of the period that were
associated with the fossil in the original deposit.

EXAMPLES OF THE FORMATION OF STRATA THROUGH THE
AGENCY OF LIFE.

1. Deposits from Pelagic and Abyssal Life.

1. Plants. — Ordinary seaweeds, although in general littoral species, float
widely over the ocean in some seas, as in the case of the Sargasso Sea of
the north Atlantic. Moreover, the shore seaweeds are often drifted oft by
the currents. But the supply, while of importance as food for the animal
species of the sea-bottom, makes no abyssal vegetable deposits. Dredging
has brought up no remains of such deposits.

But Diatoms, which becloud the waters of the southern ocean, and there
serve for the vegetable food of Whales, make the great deposits of Diatom
ooze, as already described, besides giving a sprinkling of siliceous shells over
all other parts of the ocean’s bottom. These shells, as stated by Murray,
are especially noticeable in the deeper Red ooze, because the carbonic acid,
which removes caleareous relics, leaves them uninjured.
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2. Animals. — Radiolarians or Rhizopods, having siliceous shells, make
Radiolarian ooze in the deeper parts of the ocean. Sponges contribute
much silica in the shape of spicules and skeletons to deposits from shallow
depths to the lowest. Globigerinea with other Rhizopods make Globigerina
ooze, especially between depths of 1500 and 2900 fathoms, but not in the
higher latitudes. Pteropods are a characteristic of other bottom deposits
between 500 and 1400 fathoms.

But besides these characteristic species there are also the solitary Corals,
the Echinoderms, Mollusks, and various other abyssal species, giving variety
to the fossils of the sea-bottom. There are also at the bottom the relics of
the great variety of pelagic species which after death escape feeders and
sink to the bottom. Murray says that, in the course of the Challenger cruise,
over 600 Sharks’ teeth (genera Carcharodon, Oxyrhina, and Lamna) and 100
ear-bones of Whales (genera Ziphias, Baleenoptera, Balena, Orca, and Del-
phinus), along with 50 fragments of other bones, were obtained in one haul
of the dredge in the central Pacific. The locality was, however, not in
either of the organic oozes mentioned, but in the “Red ooze”; and the
phosphatic nature of bone was its protection from carbonic acid. Along
the course of the Gulf Stream and of its abundant life, the bottom deposit is
largely earthy or terrigenous,” and sometimes contains stones of considera-
ble size which were distributed by the floating ice of the Glacial period.

The blue and gray muds of the sea-bottom, which are common in the
Pacitic, are due to the voleanic dust, cinders, and pumice with which it has
been sprinkled by the ocean’s aerial volcanoes, and to their decomposition;
and Phillipsite (page 136) is found chiefly in the areas of the Red ooze.

2. Deposits from Littoral Species.

The process of limestone-making by shells and corals is essentially
the same in its more important steps, and therefore only the latter is
here considered.

CORAL FORMATIONS.

Coral formations are made from the calcareous secretions of coral-making
polyps, with large contributions from the shells and other relics of the
littoral fauna.

Coral formations, while of one general mode of origin, are of two
kinds: —

1. Coral islands. — Isolated coral formations in the open sea.

2. Coral reefs. — Banks of coral, bordering other lands or islands.

The positions of the coral-reef seas and the causes of limitation are
explained on pages 46, 56, and illustrated on the chart, page 47.

The exclusion of corals from certain tropical coasts is owing to different
causes: — (1) Cold extratropical oceanic currents, as in the case of western
South America (see chart). (2) Muddy or alluvial shores, or the emptying
of large rivers; for coral-polyps require clear sea water and generally a solid
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foundation to build upon. (3) The presence of voleanic action, which,
through occasional submarine action, destroys the life of a coast. (4) The
depth of water on preeipitous shores; for the reef-making corals do not
grow where the depth exceeds 150 feet.

For the last-mentioned reason, reefs are prevented from commencing
to form in the deep ocean. But if by other accumulations, or in any other

way, the bottom is brought up to the limiting distance from the surface,
Corals may commence the making of reefs.

Coral formations are most abundant in the tropical Pacific, where there are 290 coral
islands, besides extensive reefs around other islands. The Paumotu Archipelago, east of
Tahiti, contains between 70 and 80 coral islands; the Carolines, including the Radack,
Ralick, and Gilbert groups, as many more ; and others are distributed over the interme-
diate region. The Tahitian, Samoan, and Fiji Islands are famous for their reefs; also
New Caledonia and the islands to the northwest. There are reefs also about some of the
Hawaiian Islands. The Laccadives and Maldives, in the Indian Ocean, are among the
largest coral islands in the world. The East Indies, the eastern coast of Africa, the West
Indies, and southern Florida abound in reefs; and Bermuda, in latitude 32°N., is a coral
group. Reef-forming Corals are absent from western America, except along the coast of
Central America as far north as the Gulf of California, and they are mostly absent from
western Africa, on account of the cold extratropical currents that flow toward the equator:
for the same reason, there are no reefs on the coast of China. (See the Physiographic
Chart.)

1. Coral Islands.

1. Forms.— Atolls.— A coral island commonly consists of a narrow rim of
reef, surrounding a lagoon, as illustrated in the annexed sketch (Fig. 143).

143.

Coral island, or atoll.

Such islands are called atolls,—a name of Maldive origin. Maps of two
atolls are given in Figs. 144, 145, showing the rim of coral reef, the salt-
water lake or lagoon, and the variations of form. They are never circular.

ATovrLs. —Fig. 144, Apia, one of the Gilbert Islands ; 145, Menchikoff, one of the Carolines.

The size varies from a length of fifty miles to two or three; and, when quite
small, the lagoon is wanting, or is represented only by a dry depression.
DANA’S MANUAL —10
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The reef is usually to a large extent bare coral rock, swept by the waves
at high tide. In some reefs the dry land is confined to a few isolated points,
as in Fig. 145; in others, one side is wooded continuously, or nearly so, while
the other is mostly bare, as in Fig. 144. The higher or wooded side is that
to the windward, unless it happens to be under the lee of another island.
On the leeward side, channels often open through to the lagoon (e, Fig. 144),
which, when deép enough for shipping, make the atoll a harbor; and some
of these coral-girt harbors in midocean are large enough to hold all the fleets
of the world.

Fig. 146 represents a section of an island, from the ocean (o) to the
lagoon (). On the ocean side, from o to a, there is shallow water for some
distance out (it may be a quarter or half a mile or more) ; and, where not
too deep (mot over 150 feet), the bottom is covered here and there with
growing corals. Between a and b there is a platform of coral rock, mostly
bare at low tide, but covered at high, having a width usually of about a

146.

hundred yards: there are shallow pools in many parts of it, abounding in
living corals and other kinds of tropical life: toward the outer margin, it is
quite cavernous; and the holes are frequented by Crabs, Fishes, etc. At b
is the white beach, six or eight feet high, made of coral sand or pebbles and
worn shells: b to d is the wooded portion of the island. The whole width,
from the beach (b) to the lagoon (¢), is commonly not over 300 or 400
yards. At ¢ is the beach on the lagoon side, and the commencement of
the lagoon. Corals grow over portions of the lagoon,— although, in general,
a large part of the bottom, both of the lagoon and of the sea outside, is of
coral sand.

Beyond a depth of 150 feet there are no growing corals, except some
* kinds that enter but sparingly into the structure of reefs.

2. Coral-reef rock.— The rock forming the coral platform and other parts
of the solid reef is a white limestone, made out of corals and shells. In
some parts it contains imbedded corals; in others, it is as compact as any
Silurian limestone and without a fossil of any kind, unless an occasional
shell. The compact non-fossiliferous kinds are formed in the lagoons or
sheltered channels; the kinds made of broken corals, on the seashore side,
in the face of the waves; those made of corals standing as they grew, in
sheltered waters, where the sea has free access. Large portions are a coral
and shell conglomerate.

3. Coral beach-rock.—The beach-rock is made from the loose coral sands of
the shores, which are thrown up by the waves and winds. The sands become
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cemented into a porous calcareous sandstone, or, where pebbly, into a coral
pudding-stone. It forms layers, or a laminated bed, along the beach of the
lagoon, and also on the seashore side, sloping generally at an angle of five
to eight degrees toward the water, but sometimes at a larger angle, this
depending on the slope of the beach at the place. The rock is sometimes
an oblyte, owing to the coating of the grains with the calcareous cement as
solidification goes on. Od&lyte is especially common where accumulations of
sand make large sand-flats partly emerged at low tide.

4. Formation of the coral reef.— A reef-region is a plantation of living
corals, in which various species are growing together in crowded thickets,
or in scattered clumps, over fields of coral sand. Besides corals and shells,
there are also calcareous plants, called Nullipores, growing over the edge of
the reef, in the face of the breakers, as shown by Darwin, and attaining
considerable thickness. Even the delicate branching kinds sometimes make
thick beds, as observed by Agassiz in the Florida seas. Bryozoans add a
little to the material, occasionally making large massive corals. In Paleozoic
time, both branching and massive kinds contributed largely to limestone
formations.

5. Action of the waves.— The waves, especially in their heavier move-
ments, sweeping over the coral plantations, may be as destructive as winds
over forests. They tear up the corals, and, by incessant trituration, reduce
the fragments to a great extent to sand; and the debris thus made and ever
making is scattered over the bottom, or piled upon the coast by the tide, or
swept over the lower parts of the reef into the lagoon, or drifted off by the
currents for deposition elsewhere. The corals keep growing; and this sand
and the fragments go on accumulating: the consolidation of the material
thus accumulated makes the ordinary reef-rock. Thus, by the help of the
waves, a solid reef-structure is formed from the sparsely growing corals.

‘Where the corals are protected from the waves, they grow up bodily to
the surface, and make a weak, open structure, instead of the solid reef-rock;
or, if it be a closely branching species, so as to be firm, it still wants the
compactness of the reef that has been formed amid the waves.

6. History of the emerging atoll. — The growing corals and the accumulat-
ing debris reach, at last, low-tide level. The waves continue to pile up on
the reef the sand and pebbles and broken masses of coral,—some of the
masses even 200 or 300 cubic feet in size, —and a field of rough rocks
begins to appear above the waves; and finally a beach is completed. The
sands, now mostly above the salt water, are planted by the waves with
seeds; trailing shrubs spring up; and afterward, as the soil deepens,
palms and other trees rise into forests, and so the finished atoll receives
its foliage.

The windward side of such islands is the highest, because here the winds
and waves act most powerfully. But where the leeward side of one part of
the year is the windward of another, the two may not differ much. The
water that is driven by the winds or tides over the reef, into the lagoon,
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tends by its escape to keep ene or more passages open, which, when suffi-
ciently deep, make entrances for shipping.

2. Coral Reefs.

The coral reefs around other lands or islands rest on the bottom along
the shores. They are either fringing or barrier reefs, according to their
position. Fringing reefs are attached directly to the shore, while barrier
reefs, like artificial moles, are separated from the shore by a channel of
water. The island represented in Fig. 147 has a fringing reef (f), and a
barrier reef (b) with an intervening channel. To the right of the middle
the reef is wanting, because of the depth of water; and, farther to the right,
there is only a fringing reef. Fig. 149 is a map of an island with a fringing
reef; and Figs. 150-152, others, with barrier reefs. At two points through
the barrier reef, in Fig. 147, there are openings to harbors (%). The chan-
nels from harbor to harbor around an island are sometimes deep enough

View of a high island with barrier and fringing reefs.

for ship navigation, and occasionally, as off eastern Australia, fifty or sixty
miles wide ; but they are generally too shallow for boats. The barrier some-
times becomes wooded for long distances, like the reef of an atoll; but
commonly the wooded portion, if any exists, is confined to a few islets.
Barrier and fringing reefs are formed like atoll reefs; and special explana-
tions are needless.

The reefs adjoining lands have sometimes great width. On the north
side of the Fijis, the reef-grounds are five to fifteen miles in width. In
New Caledonia, they extend 150 miles north of the island, and 50 south,
making a total length of 400 miles. Along northeastern Australia, they
stretch on, although with many interruptions, for 1000 miles, and often
at a distance, as just stated, of 50 or 60 miles from the coast, with a depth
of 300 or 360 feet between. But the reefs, as they appear at the surface,
even over the widest reef-grounds, are in patches, seldom over a mile or two
broad. The patches of a single reef-ground are, however, connected below
by coral rock, which is struck, in sounding, at a depth usually of 10 to 40
or 50 feet.

The transition in the inner channels, from a bottom of coral detritus to
one of common mud or earth derived from the hills of the encircled island,
is often very abrupt. Streams from the land bring in this mud, and distribute
it according to their courses through the channels.
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3. Origin of the Forms of Reefs,—the Atoll and the Distant Barrier.

The origin of the atoll form of reefs was first explained by Darwin.
According to his theory, each atoll began as a fringing reef, around an
ordinary island ; and the slow sinking of the island till it disappeared, while
the reef continued to grow upward, left the reef at the surface, a ring of
coral around a lake.

As reef-forming corals grow only within depths not greater than 150
feet, the bottom on which they began must have been no deeper than this;
and as such a shallow depth is to be found, with rare exceptions, only
along the shores of lands or islands, the reef formed would be at first
nothing but a fringing reef.

A fringing reef, the first step in coral formations, being begun, slow
subsidence would make it a barrier reef.

In the lower part of Fig. 148, a section of a high island, ATPB, is repre-
sented. The horizontal line 1 is the level of the sea, f a section of the
fringing reef on the left, and f' of that on the right. The reef depends for
its upward progress on the growth of the coral, and on the waves. The
waves act only on the outer margin of a reef, while the dirt and fresh water

148.
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Section of an island bordered by a coral reef, to illustrate the effects of a subsidence.

of the land directly retard the inner part. Ience the outer portion increases
most rapidly, and retains itself at the surface, during a slow subsidence that
would submerge the inner portion. The first step, therefore, in such a sub-
sidence, is to change a fringing reef into a barrier reef (or one with a channel
of water separating it from the shore). Continued subsidence widens and
deepens this channel. Then, as the island begins to disappear, the channel
becomes a lake, with a few peaks above its surface; and later, a single peak
of the old land is all that is left. Finally this peak disappears, and the coral
reef comes forth an atoll, with its lagoon complete.

Referring again to the figure : if, in the subsidence, the horizontal line 2
becomes the sea level, the former fringing reef f is then at b, a barrier reef,
and f' is at ', and ch, ch', ch' are sections of parts of the broad channel or
area of water within; over one of the peaks, P, of the sinking island, there
is an islet of coral, 7; when the subsidence has made the horizontal line 3
the sea level, the former land has wholly disappeared, leaving the barrier
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reef, ¢, t', alone at the surface, around a lagoon, lll, with an islet, », over the
peak T, which was the last point to disappear.

These steps are well illustrated at the Fijis. The .island Goro (Fig.
149) has a fringing reef; Angau (Fig. 150), a barrier; Exploring Isles
(Fig. 151), a very distant barrier, with a few islets; Numuku (Fig. 152),
a lake with a single rock. The disappearance of this last rock would make
the island a true atoll.

‘Whenever the subsidence ceases, the waves build up the land above the
reach of the tides; seeds take root; and the reef becomes covered with
foliage.

The lands inside of coral barriers, as
illustrated in these figures, very often show,
by their narrow broken. features and the
deep indentations that were once valleys,
that they are sunken lands, and thus sus-
tain Darwin’s theory.

The atoll Menchikoff (Fig. 145) was
Islands of the Fiji group: Fig. 149, Goro; evidently formed, as explained by Darwin,

:jg’k‘l:“ga“‘ 161, Exploring lsles; 152, NU-  a1yout a high island, consisting of two dis-
tinet ridges or clusters of summits, like
Maui and Oahu in the Hawaiian group.

If the subsidence be still continued, after the formation of the atoll,
the coral island will gradually diminish its diameter, until finally it may
be reduced to a mere sand-bank, or become submerged in the depths of
the ocean. The occurrence of sunken atolls, like the Maldives, is one of the
strong arguments for the theory-of subsidence.

Thickness of reefs. — The thickness of a coral formation, supposing Dar-
win’s theory to be the true one, is often very great. From soundings within
a short distance of coral islands, it is certain that this thickness is in some
cases thousands of feet. The barrier reefs remote from an island stand in
deep water, approximately proportional in depth to the distance from the
coast-line. Supposing the slope of the bottom at the Gambier Islands to be
only five degrees, we find, by a simple calculation, that the reef has a thick-
ness of 1200 feet. In a similar manner, it is found that the thickness must
be at least 250 feet at Tahiti, and 2000 or 3000 at the Fijis.

The rate of subsidence required to produce the results described cannot exceed the
rate of upward increase of the reef-ground. On page 385 some facts are given illustrat-
ing the exceeding slowness of such movements.!

As coral debris is distributed, by the waves and currents, according to the same laws
that govern the deposition of silt on sea coasts, it does not necessarily follow that the

1 For further information on the subject of Coral reefs and limestones, the reader may refer
to the author’s work on Corals and Coral Islands, 400 pp. 8vo., 1891, based on his Exploring
Expedition Report on Zoophytes (740 pp. 4to, and 61 plates in folio, 1846), and to the chapter on
Coral Reefs and Islands in his Expedition Report on Geology (750 pp. 4to, with 21 plates in folio,
1849) ; also to Darwin on the Structure and Distribution of Coral Reefs, 8vo, with maps and
illustrations, London, 1842, the last edition, by Professor T. G. Bonney, in 1889.
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existence of a reef in the form of a barrier is evidence of subsidence in that region. On
page 224 the existence of sand barriers of similar position is shown to be a common feature
of coasts like that of eastern North America. Inthe cases of the barriers about the islands
of the Pacific, however, there is no question on this point. Such barriers do not form
about islands so small. Moreover, the great distances of the reefs from the shores, in
many cases, and the existence of islands representing all the steps between that with a
fringing reef and the true atoll, leave no room for doubt. The remoteness of the Australian
barrier from the continent, and the great depth of water in the wide channel, show that
this reef is unquestionable proof of a subsidence, — though it is not easy to determine the
amount. Along the shores of continents, the question whether a barrier coral reef is evi-
dence of subsidence or not must be decided by the facts connected with each special case.

In opposition to Darwin’s theory of subsidence it is held by some writers that the sea-
bottom may have been brought up toward the ocean’s surface by deposits of other lime-
secreting species, as those of the shells of Rhizopods, until they were near enough to
become next a plantation of corals, and that, in this way, without any subsidence, atolls
became common within the area of the tropical oceans. But the wide oceans are wonder-
fully free from such banks; and if they were used, the growing reef made over the sub-
merged basement would fail of its deep lagoons. Excavation of lagoon basins has been
attributed, by the opposing theorist, to the eroding action of the carbonic acid in sea
water, carried by currents over the bank and through depressions that wzre likely to
form about the center of the bank. But many large lagoons have no entrance, and gen-
erally there is only a shallow entrance; and currents have no power below the level of the
entrance (or exit). J.Murray has proposed the theory that since the fringing reef widens
outward by growth and wave-action, this process may be the sole cause of the width of
reefs along shores. Against the opposing theories there are the positive facts, that elevated
coral reefs and atolls exist, which have a thickness beyond 150 feet. Among the many
facts there are the following: Metia, an elevated atoll, north of Tahiti, has a height of
250 feet, which is twice the depth of growing reef corals ; Christmas Island, in the Indian
Ocean, 1200 feet in height, has an exterior of coral-made terraces to its summit. For
a full discussion of this subject reference may be made to the author’s work mentioned
in the note to the preceding page.

The following are the teachings of the coral reefs:

1. Beds of coral limestone and shell limestone are made (1) by accumu-
lation through growth; 2) by the mechanical action of waves and marine
currents; (3) by consolidation taking place as the work goes forward.

2. Limestones of the purest kind on a scale of great magnitude form in
the littoral zone within seas not over 150 feet deep. The modern reefs in the
midst of the ocean are narrow and have broad channels; but over a conti-
nental sea, the same methods would produce solid limestone formations of
unsurpassed extent, fossiliferous or unfossiliferous, and also beach sand-rocks,
conglomerates, and oélytes; and with the aid of the winds, wind-drift rocks
of coral sand.

3. Great limestones are therefore not necessarily, or generally, of deep-
water origin.

4. Limestones attain great thickness at the present time by means of a
slow subsidence, as they have in all geological time.

5. Further: comparing littoral with abyssal conditions, we learn that the
former make stratified deposits containing or consisting of remains of litto-
ral life; the latter make unstratified deposits containing or consisting of



152 DYNAMICAL GEOLOGY.

pelagic life. (See further, page 143.) The stratified limestones and other
rocks of North America have no true deep-water characteristics. Wyville
Thomson gave this as his general conclusion for all continents.

3. Deposits made by Continental Species.
1. SILICEOUS DEPOSITS.

Conferva-like Alge, having columnar, vase-shaped and furze-like forms,
grow in the hot geyser waters of the Yellowstone Park, which secrete opal-
silica freely throughout the plant, as first reported by W. H. Weed. They
cause the deposition of the silica from the waters in a gelatinous form,
making the geyserite basins and the wide-spread geyserite deposits. These
siliceous plants are described as growing an inch upward in 10 weeks.

Diatoms make beds in shallow ponds over the continents, and thick
deposits of them are common beneath the peat of ordinary marshes. Such
ponds have only the gentlest of waves; but sufficient to break into pieces
most of the infinitesimal shells.

Diatoms are especially abundant in the warm waters of the Yellowstone
Park, where the beds made from them cover many square miles in the
vieinity of active and extinct hot springs, and vary from three to six feet
in depth. Near Monterey, Cal., there is a Diatom bed 50 feet thick. Others
oceur in Nevada, where, according to Ring, they alternate with beds of tufa;
and some are 200 or 300 feet thick. The material of the beds looks like
chalk, but it often becomes partially solidified to opal, of a brown, yellowish,
or greenish color.

2. CALCAREOUS DEPOSITS.

1. The shells of terrestrial and freshwater Mollusks are mostly thin and
fragile, especially the Gastropods, breaking easily under the gentlest wave
action. Limestones with unbroken shells as fossils are of rare occurrence
and small extent, forming only in bodies of water too shallow for wind-
waves. The more common genera are Spheerium, Limnea, Physa, Planorbis,
Paludina, and Pupa. The deposits over the bottoms of small ponds are
usually accumulations of pulverized shells, and have a chalky aspect. The
earthy and clayey beds of river valleys ordinarily contain nothing of the
shells of the valley except minute grains from their wear, or calecareous
concretions made from the grains. The fine earthy loess of large valleys
is remarkable for the number of its freshwater shells (Gastropods), its
strongly caleareous character, and its calcareous concretions, and bears
evidence thus of the sublacustrine and shallow conditions attending its
deposition.

2. Loosely textured calcareous rock, called tufa because of its appearance,
is formed from the confervoid Alga of the Yellowstone Park and other
regions. It is an aggregation of the algoid growths, some of which resemble
somewhat the concretionary forms represented in Fig. 137 on page 132.
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Dr. A. Rothpletz has stated that, according to his observations at
Great Salt Lake, Utah, the concretionary grains of oélyte are due to
the growth and calcareous secretion of a minute Alga or water-plant (1893);
and that they are formed there within a bluish green alga-mass. He is
disposed to account thus for the formation of ordinary odlyte. Oélyte is
an abundant product along the low coral-sand shores of southern Florida,
and its formation has been attributed to deposition from the sea water
around minute grains of the sand, or around some still more minute shell
of a Diatom or other microscopic organism.

3. PHOSPHATIC DEPOSITS.

Guano beds are the important deposits of phosphatic material. The
origin and constitution of guano are deseribed on page 72. The composition
is approximately : organic and volatile matter 40 per cent, phosphoric acid
14, lime 12, potash and soda 7, nitrogen 9, along with water. The agricul-
tural value is largely owing to the nitrogen. Besides the kinds mentioned,
Bat guano is formed in some caves; and in Victoria, southern Australia,
it has a depth of 30 feet in the Skipton caves. The prominent localities of
guano are: islands on the nearly rainless Peruvian coast, which were worked
as early as the sixteenth century; various islands of the equatorial Pacific,
between 155° W. and 277° W.; Sombrero and neighboring islands in the
West Indies, and also large coastal areas in South Carolina and Florida.
In the West Indies, and in South Carolina and Florida, where the rains are
common, the guano is mostly destitute of nitrogen, it being the impure
calcium phosphate made by the filtration of rain-waters through the original
guano, carrying the soluble phosphates into underlying calcareous deposits.
Fossil shells and bones are among the phosphatized products.

4. Peat and other Carbonaceous Formations.

Peat is an accumulation of half-decomposed vegetable matter, in wet or
swampy places over the interior of a continent or about its estuaries. In
temperate climates, it is due to the growth mainly of spongy Mosses, of the
genus Sphagnum, which are very absorbent of water. Beside spreading over

Peat-forming in progress, with a Diatom deposit (d) over the bottom of the pond. Shaler.

the swampy surfaces, they extend out a floating layer from the borders of
shallow ponds (b), as illustrated in Fig. 153, from Shaler’s Memoir on the
Origin and Nature of Soils. The floating layer (b, b) drops portions to the
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bottom from its lower dying surface; for the moss has the property of
dying at the extremities of the roots as it grows above. It thus gradually
takes possession of the pond, and may form beds of great thickness.

In some limestone regions, the Sphagnous mosses are replaced by species
of Hypnum, as in Towa. The leaves and stems, branches and stumps, of
trees and shrubs, growing over the marshy region or in shallow waters, and
any other vegetation present, contribute to the accumulating bed. The fresh-
water shells growing in the waters, and the spicules of any sponges, with
the insects, and the carcasses and excrements of animals become included.
Earthy material also may be blown over the marsh by the winds, or brought
by inflowing streams.

In wet parts of Alpine regions, there are various flowering plants which
grow in the form of a close turf, and give rise to beds of peat, like the moss.
In Fuegia, although not south of the parallel of 56° there are large marshes
of such Alpine plants, the mean temperature being about 40° F. On the
Chatham Islands, 380 miles east of New Zealand, peat thus formed has
a depth of 50 feet.

The dead and wet vegetable mass slowly undergoes a change in its lower
part, becoming brownish black, loose in texture, and often friable, although
commonly penetrated with rootlets. The change is somefimes continued
until coal is formed ; but unlike good coal it still contains usually 25 to 33
per cent of oxygen.

Peat-beds cover large surfaces of some countries, and occasionally have
a thickness of 40 or 50 feet. The rate of growth varies with the amount of
vegetation, moisture, and other conditions; a foot in depth may form in five
to ten years. One tenth of Ireland is covered by them; and one of the
“mosses ”’ of the Shannon is stated to be 50 miles long and two or three
broad. A marsh near the mouth of the Loire is described by Blavier as
more than 50 leagues in circumference. Over many parts of New England
and other portions of North America, there are extensive beds, almost every
old marsh having more or less peat below. The amount in Massachusetts
alone has been estimated to exceed 120,000,000 of cords. The Dismal Swamp,
10 miles by 30 in area, situated on the borders of Virginia and North Caro-
lina, is for the most part a region of very deep peat.

Peat-beds sometimes contain standing trees, and entire skeletons of ani-
mals that had sunk in the swamp. The peat-waters have an antiseptic
power, and consequently tend to prevent complete decay of the vegeta-
ble matter of the peat-bed. Flesh is sometimes changed by the burial
into adipocere.

Peat is used for fuel, and also as a fertilizer. When prepared for burning, it is cut into
large blocks, and dried in the sun. It is sometimes pressed, in order to serve as fuel for
steam-engines. Muck is another name for peat, especially for impure kinds, when em-
ployed as a manure ; any black swamp-earth consisting largely of decomposed vegetable
matter is so called.

Beds of marine plants in the rocks of littoral regions are almost unknown. Specimens
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are distributed through the formations, and have been the source of some coaly products ;
but never abundantly. Tke trunks of Lessonia, as large as a man’s thigh, lie piled in great
quantities on the shores of the Falkland Islands. Moreover, the growth of sea-weeds is
very rapid. On the coast of Scotland, and below low-tide level, ‘* a surface chiseled
smooth in November, was thickly covered in the following May with ribbon kelp 2 feet
long, and ordinary kelp 6 feet long.”” But no peat-like compact beds of marine Fucoids
are known. Fucoids contain 74 to 80 per cent of water, some nitrogen, and are very muci-
laginous ; and hence ¢ when they begin a decay and become disorganized, they melt down
into a very small bulk, and seem almost to dissolve away.”” (Storer.)

The great interest to the geologist in this subject of peat-beds is the essen-
tial identity between their method of origin and that of the great accumula-
tions of vegetable debris out of which coal-beds were made. Both were
accumulations of leaves and stems of terrestrial (not marine) plants, and
occupy, as a general thing, the region where the plants to a large extent
grew. The chemical processes of change were also essentially the same.
The burial of the ancient beds beneath thick sediments in many successions,
as explained on page 712, has made the chief differences.

PROTECTIVE AND OTHER BENEFICIAL EFFECTS.

The protective effects of life come chiefly from vegetation.

1. Turf protects earthy slopes from the wearing action of rills that would
wear a bare surface into gullies; and even hard rocks receive protection in
the same way.

2. Tufts of grass and other plants over sand-hills, as on seashores, bind
down the moving sands by their long creeping stems or spreading roots.

3. Lines of vegetation along the banks of streams prevent wear during
freshets. When the vegetation consists of shrubs or trees, the stems and
trunks entangle and detain detritus and floating wood, and serve to increase
the height of the margin of the stream.

4. Vegetation on the borders of a pond or bay serves in a similar manner
as a protection against the feebler wave-action. In many tropical regions,
plants like the mangrove, growing at the water’s edge, drop new roots from
the branches into the shallow water. These roots act like a thicket of brush-
wood, to retain the floating leaves, stems, and detvitus; and, as the water shal-
lows, other roots are dropped farther out; and thus they keep marching
outward, and subserve the double purpose of protecting and making land.
The coarse salt-marsh grasses along seashores perform the same kinds of
geological work, being very effectual agents in entangling detritus, and in
protecting from erosion.

5. Patches of forest-trees, on the declivities in Alpine valleys, serve to
turn the course of the descending avalanche, and entangle snows that, but for
the presence of the trees, would only add to its extent. Such groves are
usually guarded from destruction with great care.

6. Forests retard the melting of snow and ice in spring, and thus lessen the
devastations of floods.
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7. Calcareous Alge, called Nullipores (page 147), serve to protect grow-
ing Corals and the margins of coral reefs from wear. Ordinary seaweeds
often cover and protect the rocks of a coast nearly to high-tide level; in the
higher latitudes the Fucoids (as Macrocystis pyrifera) are sometimes 200 to
300 yards long, and the broad green belt off a coast breaks the force of
incoming waves so that the rocks are saved from their destructive action.

The common earthworm, as Darwin has shown (1881), transfers a great
amount of earth or soil in the pellets it discharges at the surface. He found
that the weight so transferred per acre in a year in four cases was 7-56, 14-58,
16-1, and 1812 tons. Lobworms, of seashores, are even greater workers,
according to C. Davison, who reports that the amount of sand carried up each
year on the shores of Holy Island, Northumberland, was equivalent to 1911
tons per acre (1891). Marmots (Spermatophilus Eversmani), in the Caspian
steppes, bring great quantities of earth to the surface. In a few years after
their introduction they had brought up 75,000 cubic meters of earth to the
square mile. (Muschketoff, 1887.)

TRANSPORTING EFFECTS.

1. Seeds caught in the feathers, hair, or fur of animals, or contained in
the mud adhering to their feet, are transported from place to place.

2. Seeds are eaten by animals as food, or in connection with their food,
and are dropped in another region undigested. At the Solomon Islands, fruit-
pigeons carry fruit and seeds in their crops, and have thus planted the land
with trees from other islands. (Guppy.)

3. Ova of fish, reptiles, and inferior animals are supposed to be transferred
from one region to another by birds and other animals. Authenticated
instances of this are wanting.

4. Tloating logs and seaweeds carry Mollusks, Crustaceans, Worms, and
other species from one region to another, over the broadest oceans, along the
courses of marine currents. In tropical countries, islands of shrubbery and
trees often float away from estuaries into the sea, bearing with them land,
fresh-water shells, and other terrestrial species, which there become mingled
with marine shells. A Boa constrictor once floated, on the trunk of a cedar,
from Trinidad off South America to the island of St. Vincent —a distance of
at least 200 miles. The great floating seaweed areas of the Sargasso Sea in
the Atlantic are the dwelling-place of vast numbers of marine species, includ-
ing Fishes, Mollusks, Crustaceans, Worms, ete.

5. Migrating tribes of men carry, in their grain, or otherwise, the seeds
of various weeds, and also, involuntarily, Rats, Mice, Cockroaches, and smaller
vermin. The origin of tribes may often be inferred from the species of
plants and of domesticated and other animals found to have accompanied
them.!

1 On this general subject consult Wallace’s Island Life.
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DEesTrRUCTIVE EFFECTS.

The destructive effects proceed either from living plants or animals, or
from the products of decomposition. The latter subject is briefly considered
under Chemical Work.

1. The roots which come from the sprouting of a seed in the crevice of a
rock, as they increase in size, act like wedges, in tending to press the rock
apart; and, when the roots are of large size, masses tons in weight may be
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Rocks disrupted by roots of trees, between Gloucester and Rockport, Mass. Shaler, 89,

torn asunder; and if on the edge of a precipice, the detached blocks may
be pushed off, to fall to its base. This is one of the most effective causes of
the destruction of rocks. Many regions of massive and jointed rocks are
thickly covered with huge blocks, looking like transported bowlders, which
are the results of this kind of upturning. The Conferve and other simple
plants often commence their wedging work in the smallest of rifts; and
yet by constant growth cause great results. Moreover, the opening of rifts
and fissures gives access to moisture, and thus contributes further to rock
destruction by chemical processes and by frost.

2. Boring animals, like the saxicavous Mollusks, make holes, often as
large as the finger, and sometimes larger, in limestone and other rocks, along
some seashores. Species of Saxicava, Pholas, Petricola, Lithodomus, Gastro-
chena, and even some Gastropods, Barnacles, Aunelids, Echini, and Sponges,
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have this power of boring into stone. Various species also bore into shells
or corals. In seven years, Carrara marble, in the sea south of Long Island,
became riddled with borings made by a Sponge, the Cliona sulphurea of
Verrill. Termites, or White Ants, and many other insects, especially when
in the larval state, the Limnoria among Crustaceans, and the Teredo, related
to Pholas, among Mollusks, bore into wood ; and the last is so destructive to
ships, piles, and wharves that it is often called the Shipworm or Pileworm.

3. The tunneling of the earth by small quadrupeds, as the Mole, and
by Crustaceans like the Crawfish, sometimes results in the draining of ponds,
and the consequent excavation of gullies or gorges by the out-flowing waters.
The tunneling of the levees of the Mississippi by Crawfish is one cause
of breaks, and thereby of great floods over the country.

4. Animals using Mollusks and Echinoderms as food make great refuse-
heaps, or beds of broken shells. The animals include Man, as well as other
species; and the beds made by Fishes off the coast of Maine, as described
by Verrill (who has drawn attention to this mode of making broken shells),
are of great extent. They might be taken for beach deposits. The chief
enemy of the American Oyster is a Starfish, which spreads its extensile
mouth-opening over the young Oyster, and so gets it inside its stomach, and
then, as the shell opens, digests the Oyster.

5. Fungi attack dead plants and animals, and rapidly destroy them. They
do it by excreting ferments or poisons, which eat into and destroy the tissues.
Living plants often suffer from this cause when in an enfeebled state.

6. The destruction of the vegetation of a region by insect life, and that
of animals by one another, are also of great geological importance.

III. THE ATMOSPHERE AS A MECHANICAL AGENT.

The weight of 100 cubic inches of dry air, with the barometer at 30 inches,
and the thermometer at 60° F., is 31 grains; and hence it is but g15 as heavy
as water (or -4 at 32° F.). The weight of a column of the atmosphere a
square inch in area of section, when the barometric pressure is 30 inches, and
the temperature 32° F., is 147 pounds. On this basis, the total weight of
the atmosphere is about 11% trillions of pounds (Herschel). In England,an
atmosphere of pressure, used as a limit in connection with steam, is 29-905
inches Bar. at 32° F., or nearly 143 pounds to the square inch; in France, it
is 760 millimeters, or 29-922 English inches, at the same temperature.

The atmosphere, while rightly called the earth’s aerial ocean, is an aerial
ocean without a definite upper surface, resting on an ever-disturbing base-
ment. It extends not only to a height of 40 miles, but, with increasing
tenuity, to at least 200 miles, — meteorites having become luminous at this
height as a consequence of the friction of air. An upper limit is supposed
to be determined by the equilibrium between the gravitation of the mole-
cules of the elements constituting it and the expansive force, decreasing
upward, that separates the molecules.
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The basement on which it rests —the earth’s uneven surface — varies
widely in temperature, and this variation passes to extremes in the higher
mountains, whatever the zone. The atmosphere’s own temperature, even
in the tropics, is at the freezing-point at a height of less than four miles.
Through these and other conditions the atmosphere has its varying belts
of greater and less depth, —that is, of higher and lower barometric pres-
sure,—its areas of high and low pressure moving in great circuits, and,
as a consequence, winds, storms, cyclones, tornadoes, in its fruitless effort
toward a state of equilibrium. These winds are its chief means of mechani-
cal work.

The Mechanical Work of the Atmosphere. — The atmosphere works mechan-
ically (1) by denudation, or, as it has been termed, deflation, with or without
abrasion; (2) by transportation; (3) by deposition; and (4) through its
pressure. The work and the results are called Eolian, from Alo)os, the god
of the winds.

The force of the wind, measured by the pressure on a square foot, in-
creases with the square of the velocity. At 5 miles an hour, the pressure
is about 2 ounces to the square foot; at 10 miles, which is that of a light
breeze, 8 ounces; at 20 miles, a good steady breeze, 2 pounds; at 40 miles,
a strong gale, 8 pounds; at 60 miles, 18 pounds; at 100 miles, 50 pounds.
The work done is dependent largely on the form of the surface struck.
This is well shown in the anemometer made of hemispherical cups: the
difference between the pressure on the concave and convex sides being such
that the cups move one third as fast as the wind, whereas with flat disks
there would be no motion. A velocity of 186 miles an hour (or 170 pounds
to the square foot) has been registered by the anemometer.

While the lighter winds, and especially the great currents, like the trades,
have a degree of regularity in movement, the storm winds, on which geo-
logical work mainly depends, are hurrying bodies of air of inconstant force,
breadth, and direction. A single storm includes all the courses of the com-
pass, and all degrees of force, from lulls to extremest violence; and when
most constant, these winds are still made up of fitful blasts. Under such con-
ditions, abrasion, transportation, and deposition should be greatly mixed;
and this is a striking feature of the results.

Eovriax DENUDATION OR DEFLATION.

Denudation, or wear by wind-force, is carried on (1) by simple wind-impact
and (2) by impact when the air is loaded with sand or other material.

1. By simple impact. — The lighter work of the winds is the taking up
of dust from roads, sand-fields, sand-hills, and sea-beaches, to drift away to
some other place. The streets of most cities and the roads of the country
often afford examples of the work on dry, windy days. It is to be noted,
however, that a rather strong wind is required for this light deflation unless
moving wheels first stir up the dust. The result is due to the direct impulse
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of the moving air; and so it is when the hurricane tears up trees, prostrates
forests, unroofs houses, or moves them from their foundations. These de-
structive effects are dependent, as already explained, not merely on velocity,
but also on the extent, form, and position of the object against which it
strikes. The adhesion of the hardened mud along the ruts of a country
road may not be overcome by a gale that prostrates forests.

Besides lifting and transporting loose sands, the heavier winds tear off
grains from exposed ledges or bluffs of rock, which the action of the sun,
or oxidation, or saline efflorescences, or other means have loosened, and thus
carry on the work of denudation.

2. By means of the material transported. — But the sand, gravel, or stones
borne by the winds give them their chief denuding power. Attention was
first called to this wind work by W. P. Blake, who described the granite
of the Pass of San Bernardino, Cal, as scratched like rocks of glacier
regions, even quartz and tourmaline being finely polished, and the garnets
left projecting on pedicels of feldspar, inclined in the direction of the wind;
limestone as eroded and channeled as if by dissolving waters. Mr. Blake
observed, further, that the scratching and polishing effects were not confined
to the Pass, but were visible over all parts of the Colorado desert to the
eastward, where hard rocks were exposed ; and he dwells on the great impor-
tance of this action of the winds as a means of denudation (1855). Later
observers have shown that many of the bluffs, needles, and towers of soft
sandstone characterizing the scenery in different parts of the Rocky Moun-
tain region have been more or less shaped by this means. Moreover, scratches
made by drifted sand, long since noticed on the glass of windows on Cape
Cod, have been observed in Maine where it is not arid (G. H. Stone, 1886).
In arid parts of India, according to Mr. R. D. Oldham, they differ from
those of glaciers in being deepest at the end facing the wind.

Eolian denudation has its best examples in the Egyptian and other true
deserts where the annual fall of water is very small. The following fig-

ures of Egyptian denuda-

155. tion are from the work

of J. Walther (1891),
which treats the subject
with great fullness and
gives many illustrations,
after personal observa-
tions. The differences in
e il = hardness’of the layers de-
Southwest end of Mokkatam. Walther. termines the rate of wear

and leads to nearly the

same forms that are produced by running water. In Fig. 155 the beds are
Eocene limestone and other kinds. In Fig. 156 Cretaceous beds are upturned,
and'the harder limestone caps each elevation. The deflation leaves silicified
fossils (Exogyra and Corals) projecting over the surface, as in Fig. 156.
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Other views in Mr. Walther’s book represent deep excavations in nearly
vertical bluffs, sometimes in regular alternation with narrow columns— the
latter the part which descending solutions of some kind (perhaps calcareous
or ferruginous) had hardened; often they are very irregular in form.

A blast of sand propelled by steam is now employed (atter Nature’s sug-
gestion) in grinding and
carving glass, gems, and 156.
even granite. Glass cov- B
ered by lace-work, or by
paper having open pat-
terns cut in it, is rapidly
worn where its surface is
exposed, while the lace or
paper, owing to its yield-
ing before the sand, shows

509«1‘061)’ aﬂy effECt Of the Upturned Cretaceous beds near Abu Roasch. Walther.
blast. Large cornices and

mouldings of granite are shaped by a blast of steam and sand.

Thoulet, of Paris, has investigated the effects of air-blast abrasion (1887)
and found, besides other results, that moist rock abrades most easily, and
that the effect is small if the surface struck has a dip of less than 60°.

TRANSPORTATION AND DEPOSITION.

The deep deposits of earth over ancient monuments in Rome and other
old cities is largely a result of eolian transportation. The most extensive
drift-sand deposits occur over arid areas where there is little or no vegetation
to fasten down the sands, and where nearly all the year through the work is
going on. But the best known are those of windward shores where fronted
by long beaches. The sands of seabeaches often extend out long distances
in the shallow waters. The breakers come in sand-laden, to throw the sand
up the beach, and in ordinary weather the beach takes the whole. But
storm-winds carry the sands from the breakers and the beach over the low
surface beyond and pile it into ridges, often making a series of parallel sand-
drifts. The sand keeps moving landward with each season of storms, unless
stopped by steep declivities, or by vegetation whose encroachment is favored
by moist soil; and sometimes it drifts up the sea-border hills to heights of
100 to 200 feet. The surfaces of drifted sands are often covered with
ripple-marks.

The effects are greatest (1) where the sands are fine, and most purely
siliceous and therefore incoherent; (2) where the coasts are well open to
the winds; (8) in regions exposed to the most violent storms; and (4) espe-
cially on projecting points where the work is carried on in succession by the
winds of both sides of a rotary storm, and by storms of different directions.
Ordinary winds have little effect, and hence on the Pacific coral islands the

DANA’S MANUAL —11
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drift-hills of projecting capes are seldom over 30 feet high; while at the
Bermudas and Bahamas, within the belt of Atlantic cyclones whose winds
have often a velocity of 60 to 90 miles an hour, the sands cover great sur-
faces, are sometimes quite coarse, and make ridges 100 to 230 feet in height.
The highest drift ridges are on the side which receives the winds of the first
half of the cyclone.

On the south side of Long Island, drift-sand ridges extend along for a hun-
dred miles and vary in height from 5 to 40 feet. The coast of New Jersey,
down to the Chesapeake, and other coasts farther south, are similarly fronted by
sand-hills. Similar hills occur also on the east side of Lake Michigan, where
they reach a height of 100 to 200 feet; they are 215 feet high at Grand
Haven, and 30 to 93 near New Buffalo. In Norfolk, England, between
Hunstanton and Weybourne, they are 50 to 60 feet high.

Such seashore driftings are a means of recovering lands from the sea.
The sea first makes the sand-flats or beaches, and the winds do the rest.
Lyell observes that, at Yarmouth, England, thousands of acres of land now
under cultivation have been thus gained from a former estuary.

The drift-sand also encroaches on fertile lands, forests, and villages.
Such regions of encroaching sands are called dunes. On Lake Michigan, as
Professor Winchell states, the sands are continually shifting with the
winds; at Grand Haven and Sleeping Bear, the forest has become sub-
merged, and ‘“presents the singular spectacle of withered tree-tops pro-
jecting a few feet above a waste of sands.” The land at this place is
extending lakeward, through the wear and contributions of the arenaceous
shore rocks. Near Seven-mile Beach, on the New Jersey coast, in 1885, the
dune, 40 feet high, had encroached on a dense forest to such an extent that
“the tree-tops projected above its sands like the heads of drowning men
above the waves.” (F. J. H. Merrill, 1890.) By such means, not only
bones, shells, tree-trunks, become the fossils of sand-heaps, but, in the
existing age, as in Egypt, even monuments, temples, and cities.

1. Characteristics of wind-drift or eolian formations. — The sands of wind-
drifts, although deposited by blasts of wind, make thin and regular layers
over the sand-fields and the surfaces of the rising ridges, producing a stratic-
ulate structure about as coarse as that of common alluvial clays, parallel
with the successive surfaces of the ridge. But such ridges are liable to
be cut off on one side or the other by the most violent of gales; and then
deposition from the winds goes on over a new outer surface. By repetitions
of such catastrophes, and continued depositions, the quaquaversal dip of the
wind-drift structure, represented on page 93 (Fig. 63), is produced. The
mode of formation and straticulate structure of sand-drifts is well illustrated
in snow-drifts, which are a result of like wind-drift action. As snow drifts
readily into heaps and ridges, wherever there is an obstacle however small
so it is with sand. Flat or level surfaces are the exception in such I‘eg‘lODb

The drift ridges of coral sand or shell sand readily consolidate, and show
well the varying directions of the straticulation, as at the Bermudas,
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Bahamas, Key West and elsewhere on the Florida Banks, and also on
Oahu and other Hawaiian Islands.

2. Eolian transportation of volcanic ashes. —The transportation of voleanic
ashes usually takes place without drifting, and the bedding, therefore, is
commonly horizontal. In 1812, ashes were carried from a volecano on St.
Vincent to Barbados, 60 to 70 miles; and in 1835, from the volcano of
Coseguina in Guatemala to Jamaica, a distance of 800 miles. In 1883, the
dust from the voleano of Krakatoa, an island just west of Java, was thrown
to a height of 50,000 feet, according to Verbeck, and continued to be pro-
jected for 36 hours; and it is supposed that the ashes made the circuit of
the globe, and were the cause of the sunset glows of the following autumn.
The bottom of the Pacific has been found to be very generally covered with
voleanic ashes derived from its many volcanoes.

3. Eolian transportation of living spectes or their relics. — A tornado that
becomes what is known as a “ water-spout” over a large river or lake, carry-
ing up at its center great quantities of water, will take up the ova and
smaller life of the waters, and transfer them to other places, and may thus
contribute new species to distant lakes or rivers. Land Birds and Insects
are sometimes drifted far out to sea, and so reach oceanic islands, and some-
times in the ease of Birds another continent. Seeds of many kinds go with
the winds. A Spider of the ballooning kind, Sarotes venatorius, has probably
traveled around the globe, according to H. C. McCook, crossing oceans and
continents, and thus has gained a world-wide distribution. A related species
is reported by Darwin as suddeuly appearing on the rigging of the “Beagle”
60 miles from the land.

Showers of grayish and reddish dust sometimes fall on vessels in the
Atlantic off the African coast, and over southern Europe (producing, when
they come down with rains, “blood-rains”), the particles of which, as first
shown by Ehrenberg, are largely microscopic organisms. The figures on
the following page represent the species from a single shower, near Lyons,
on October 17, 1846. The whole amount which fell was estimated by
Ehrenberg at 720,000 pounds; and of this, one eighth, or 90,000 pounds,
consisted of these organisms.

The species figured by Ehrenberg (Passat-Staub und Blut-Regen, 4to, 1847, and
Amer. Jour. Sci., I1. xi. 372), include 39 species of siliceous Diatoms (Fig. 157, 1-65); 25
of what he calls Phytolitharia (Fig. 157, 66-104), besides 8 Rhizopods. The following are
the names of the Diatoms:

Nos. 1, 2, Melosira granulata; 3, M. decussata; 4, M. Marchica; 5-7, M. distans;

9, Coscinodiscus atmosphericus; 10, Coscinodiscus (2); 11, Trachelomonas levis; 12,
Campylodiscus clypeus; 13-15, Gomphonema gracile; 16, 17, Cocconema cymbiforme;
18, Cymbella maculata; 19, 20, Epithemia longicornis; 21, 22, E. longicornis; 23, E.
Argus; 24, E. longicornis; 25, Eunotia granulata (?); 26, E. zebrina (?); 27, Him-
antidium Monodon (?); 28-32, Eunotia amphioxys; 33, 34, Epithemia gibberula; 35,
Eunotia zebrina (?); 36, E. zygodon (?); 37, Epithemia gibba ; 38, Eunotia tridentula ;
39, E. (?) levis; 40, Himantidium arcus; 41, 42, Tabellaria; 43, Odontidium (?);
44, Cocconeis lineata ; 45, C. atmospherica; 46, Navicula bacillum ; 47, N. amphioxys;
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Diatoms and other microscopic organiems of a dust shower, Ehrenberg,
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48, 49, N. semen; 50, N. serians; 51, Pinnularia borealis; 52, P. viridula; 53, P.
viridis ; 54, Mastogloia (?); 55, Pinnularia wqualis (2); 56, Surirella craticula (?);
57, 58, Synedra ulna; 59, Odontidium (?); 60, Fragilaria pinnata (?); 61, Mastogloia
(2) ; 62-65, doubtful.

' A shower which happened near the Cape Verd Islands, and is described by Darwin,
had by his estimate a breadth of more than 1600 miles, — or, according to Tuckey, of
1800 miles, — and reached 800 or 1000 miles from the coast of Africa. These numbers
give an area of more than a million square miles.

In 17565, there was a ‘¢ blood-rain *’ near Lago Maggiore, in northern Italy, covering
about 200 square leagues, which made an earth deposit in some places an inch deep ; if
averaging two lines in depth, the amount for each square mile would equal 2700 cubic
feet. The red color of the ¢‘blood-rain’’ is owing to the presence of some red oxide of
iron.

Ehrenberg enumerates a large number of these showers, citing one of the earliest
from Homer’s Iliad; and among those whose deposits he examined he distinguished over
300 species of organisms. The species, so far as ascertained by him, are not African, and
156 are South American. The zone in which these showers occur covers southern Europe
and northern Africa, with the adjoining portion of the Atlantic, and the corresponding
latitudes in western and middle Asia.

ANGLE OF REST orF FALLING SAND OR GRAVEL.

The angle of rest in falling sand or gravel varies with the size, density,
shape, and smoothness of the grains; and also with the amount of moisture
or water present among them, little moisture causing adhesion of grains,
much water producing a flowing mud. With no friction, as is essentially the
fact in the case of the particles of a liquid, like water, the angle is null;
with ordinary dry sand, 30° to 35°; with ordinary volcanic cinders, 33° to 40°.

Instructive experiments may be made by inserting vertically a graduated rod at the
center of a circular board graduated similarly from its center outward, and then dropping
over the board about the rod sand of different kinds, the ratio of height to radius giving
the angle. The author obtained in this way for dry angular quartz sand about 0-005 inch
in radius, the angle 35° 20/ to 36° 30'; for iron-sand, of like fineness, 33° 10/ to 33° 40/ ;
for new (untarnished) shot, No. 10, very fine, 20° 12/; same, No. 4 (coarser), 27° 50’ ;
same, No. 3 (buck-shot), 29° 40’ ; and with tarnished shot, a higher angle.

When deposition is around a center, or pericentric, the resulting form is
approximately conical, varying with irregularities in deposition through the
winds and other causes.

ATMOSPHERIC PRESSURE.

Variations in atmospheric pressure, which may amount to two inches
of the barometer in a few hours, or half as many pounds per square inch,
are supposed to influence the resistance of the earth’s crust to earthquake
movements, and to voleanic eruptions. The tide-like movements in large
lakes are attributed to other causes.
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IV. WATER AS A MECHANICAL AGENT.

(1) General sources of activity. — () Water does mechanical work in
each of its three states, the liquid, solid, and gaseous state (or that of vapor).
Only the first and second states are here considered, the third coming more
conveniently under the head of Heat. In the liquid state it constitutes
rivers, lakes, oceans; in the solid, snow, ice-crusts, glaciers, and icebergs.
Unlike the aerial ocean, it has a defined upper surface; and the basement
on which it rests has usually no disturbing influence.

(b) In rivers, water derives its energy from gravitation; it works as it
Jalls, and arrives at its zero of action on reaching the lowest level to which
it can fall. It reaches only temporary or approximate zeros in lakes, except
when the lakes are like the ocean in having no outlet. Winds make rela-
tively feeble currents and waves in large rivers.

(¢) In the ocean, water has three prominent working agencies: (1) the
tidal wave; (2) the wind-waves and currents, both the regular winds, like
the trades, and the winds of storms, each producing waves and also currents
of greater or less depth and velocity; (3) the resupply currents cansed by
the sun’s heat, which in evaporation removes surface waters, and, in the
expansion of water, diminishes its density. Gravity acts toward a restora-
tion of the equilibrium that has been disturbed, whether the disturbance be
due to the tidal wave, wind-waves, currents, or heat, and in response also to
changes in atmospheric pressure.

(@) Lakes of large size, like the ocean, have wind-made currents and
waves, and movements due to evaporation, and sometimes appreciable tidal
waves and currents. Those of small size are often only still-water incidents
in the courses of rivers.

Winds over large rivers may slightly quicken, or retard, the flow. Over
great lakes, they may make decided onward movements, which pile the waters,
tide-like, on leeward shores, — as sometimes about Duluth at the western end
of Lake Superior, —occasioning an under current of escape. But over the
ocean they are in all parts a prominent source of currents, and in the
tropics, as has been stated, the “trade winds” originate, according to some
physicists, the Atlantic and Pacific tropical oceanic currents.

(e) Owing to the earth’s eastward rotation, increasing in rate of surface
velocity from the pole to the equator as the cosine of the latitude, flowing
waters in the northern hemisphere, whether of rivers or the ocean, and
whatever their source, are thrown toward the right side as they advance,
and in the southern hemisphere toward the left side. The result is seen in
the lagging of the Labrador current against the west side of the north Atlan-
tic; in a like effect on the correlate current in the north Pacific; and in
the eastward course of the Gulf Stream north of the parallel of 35°. It has
also been observed along rivers in many parts of the world where the deposits
intersected are earthy, and the pitch of the stream is too small for erosion at
bottom. They are marked along the great rivers of Siberia and European
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Russia, on others in southern France, on the streams intersecting the low
land of the Atlantic border of the United States (Kerr), and on those of
southern Long Island (E. Lewis).

It is shown that in streams the difference between the surface and bottom
velocity accounts for this erosion of the right bank, with deposition at the
left, thereby making the right steeper and placing the deepest part of the
stream near it. The extremely slow transverse motion will be combined
with that down stream, so that the actual motion will make a very
small angle with the direction of the channel. (A. C. Baines, dm. Jour.
Sei., xxviii. 1884.)

(2) Kinds and methods of work. — The kinds of work done by the
mechanical action of-waters, whether in rivers, lakes, or oceans, are in a
comprehensive way (1) Denudation; (2) Transportation; (3) Deposition
of the transported material, making usually stratified deposits.

DENUDATION.

Denudation is going on wherever any rock materials or rocks are within
reach of moving waters. It is called erosion or excavation, when the work is
the making of valleys, and degradation, when it is the wearing down of hills
or mountains. But the term denudation covers both processes. Another
style of work under it is that of planation, or the making of flat surfaces by
the shearing action of spreading waters, and by deposition up to the surface,
or to a common level. The worn material derived from the wear of rocks is
called detritus, because made by wear; and also after deposition, sediment,
because deposited usually from waters. Sedimentary rocks derive thence
their name. Silt, the finest of mud, occurring in the bottom of estuaries and
elsewhere, and ooze, soft, sticky mud, are extreme results of the grinding
process. The term deposit is a general one for an accumulation made by
any natural method.

Denudation depends for its effects on the varieties and conditions of the
rocks subjected to it not less than on the powers of the agent, water. It is
facilitated not only (1) by softness or fragility of terranes, but also by
(2) their subdivision into thin layers; (3) a loose jumction of layers;
(4) alternation of yielding layers with firmer layers; (5) vertical joints or
fractures, and especially multitudes of surface cracks or rifts. (6) Boldness
in position is also favorable; for high bluff fronts feel the force of blows of
water proportionally to their verticality, and also have gravity to aid in
removing loosened material, and to produce rendings where water descends
in vertical crevices. (7) Moreover, angular concavities or cavernous open-
ings and projecting points in walls give the waters great advantage. (8) A
horizontal position in the bedding of cliffs or walls is especially favorable,
because a little removal below undermines, and may cause great downfalls;
and, besides, walls and cliffs are thus kept vertical, for the long continuation
of the work. (9) Above all, denudation is facilitated by the weakened con-
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dition of rocks, due to decay through chemical methods, and to the superficial
riftings and fractures attending chemical changes, organic growths; freezing,
and the alternating of cold with heat occasioned by the sun.

The methods of denundation are (1) by water-strokes, or the simple impact
of water; (2) by abrasion, which includes (a) wear of rocks by means of
the stones and earth carried or thrown against rocky surfaces; and (b) wear
of transported stones or grains by their mutual friction or corrasion. By
these means much of the shaping of the earth’s surface and the trituration
of rocks to earth has gone forward. Abrasion becomes a shearing action in
planation and terrace-making.

1. Impact of water simply. — In the flow over a smooth surface of rock
pure water has no abrading effect. But when thrown in masses, in the form
of plunging waves or torrents, into cavities of rocky bluffs or against bold
projections, great results may be produced. Blocks of many tons’ weight
along a shore, if resting on a surface but slightly inclined toward the deeper
water, will slip downward with each stroke.

The force of the impact of flowing water is expressed in pounds, by the general
equation P = 0-9702nsv?, in which v is the velocity in feet per second, s is the greatest
transverse section of the body in square feet, n a coefficient varying with the form of the
body, the value being ascertained for any particular form by trials; and 0-9702 is the
quotient from dividing the weight of one cubic foot of water (62} pounds) by 2 ¢ (p. 174).
Supposing the greatest transverse area to be 1 foot: for a simple plate the value of » is
1-86; for a cube, 1-46; for a sphere, 0-51; for some rounded forms, only 0-25. 1If the
hemispherical end of a cylinder faces the current, the impact is half less than if the flat
end were in front. In accordance with the above, the force of impact against a flat plate
a foot square, in a current of 5 miles an hour (or 7% feet per second), will be nearly
100 pounds; in one of 20 miles an hour (4 times 5), 16 times that for 5 miles, and so on.
On the other hand, if the surface struck is a hemispherical concavity, the impact would
be very much greater than for a flat surface, the value of n being about 2 for a hollow
hemisphere with the concavity to the current. The principle is illustrated in the connec-
tion between form and resistance, or form and velocity, in a boat.

These results of experiment and mathematical calculation show that while it is not
possible to measure the force exerted in the movements of a river, the concavities and
deep recesses or channels among the rocks along the sides of a rapid stream afford an
opportunity for effective blows.

2. Abrasion; Corrasion.— The transported sand and gravel whieh is car-
ried by water against the rocks within reach acts like the emery of an emery
wheel, yet only under slight pressure. The particles, and especially the
pebbles or stones, that are thrown by violent torrents against the surfaces
of the solid rock, work more effectively, but less constantly. In a current of
given velocity the larger stones carried abrade more rapidly than the smaller.
At the same time the transported particles or stones, whether in rivers or
on seashores, are wearing one another, and this corrasion tends to reduce the
material to that fine impalpable state in which even slow-moving waters will
transport them.
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The coarser grains transported by the water suffer the most in cor-
rasion, a grain a tenth of an inch thick wearing 10 times as fast as one
a hundredth of an inch, and an inch pebble losing more in transportation a
few hundred yards than a grain of sand of a thousandth of an inch in drift-
ing for 100 miles (Sorby, 1880). Angular fragments of granite lose more
by corrasion than rounded fragments. Ordinary sand-grains become rounded
in a similar manner; but those of the finest quartz-flour from glaciers (as
that giving the milky tint to the Rhine at Strassburg) remain angular,
instead of becoming corraded (Daubrée, 1879).

Shales and soft sandstones yield easily to abrading agents; hard sand-
stones and quartzytes much less so; basalts, granites, very slowly, unless the
wear is promoted by previous decay. Limestones are eroded easily because
the material is soft and the waters may dissolve as well as wear away.

Abrasion assorts in proportion to hardness. The softer materials first
yield, leaving the harder. When granitic sands, made of quartz, mica, and
feldspar, are exposed to beach or river action, the mica first floats off, because
in thin scales; next the feldspar is reduced in the corrasion to fine earth and
is borne away ; and the hard quartzis left in grains. Thus at the same time,
out of the same sand are made a bed of quartz sand, for a sandstone, and not
far off it may be an argillaceous or mud-like bed, good for forming a shale.

Rivers and beaches are thus ever at work when materials of the right kind
are at hand. Where the flood-waters of a river, or the tidal-waters of the
ocean, flow widely over shelving shores and bordering flats with little depth,
the surface water as it moves onward is like a horizontally cutting blade;
and, while admitting of deposition up to its level, it shears off the surface
with remarkable evenness, making, by this process of planation, flat shore-
platforms and flood-grounds or terraces, such as occur along many river val-
leys and sea borders ; and the plains are often at heights which make them
evidence of ancient water levels.

TRANSPORTATION AND IDEPOSITION.

The rate of denudation depends largely on the velocity of the transporting
water. The transporting power increases as the sixth power of the velocity
(Hopkins, 1844). With twice the velocity the weight of transportable par-
ticles is increased 64 times; or, if the particles are of the same specific
gravity, the transportable particles, if the velocity is doubled, may have four
times the diameter, or 64 times the weight.

The stones, unless they have the specific gravity of water, are moved
mainly along the bottom ; and being continuously under the action of gravity,
the movement of each, like that of a projected cannon-ball, is in a long
curve. It makes a series of leaps, rising from the bottom and returning to
it, —the length of the curve varying with the velocity and the specific
gravity. The finest of sediment remains long in suspension, giving a cloudi-
ness to waters; and it has been suggested that a partial alteration of the
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feldspar to a hydrous alumina silicate is the cause. This finest of sediment
falls on incipient freezing (Brewer, 1883). Very thin particles, like scales
of mica, sink slowly, because the rate is that of particles (of the same
density) having a diameter equal to the thickness of the scales. They are
hence widely scattered by transporting waters.

Transportation assorts in proportion to size and snecific gravity.—In
accordance with the ratio of transportation to veloecity, it is found, supposing
the material to be alike in specific gravity, that a current of 4 miles an
hour will carry along stones 21 inches in diameter; of 2 miles, pebbles of 0-6
inch in diameter; of £ mile, fine sand about 0-064 inch in diameter; of 1 mile,
fine earth or clay, the particles 0016 inch in diameter. Consequently,
materials will be arranged over the bottom by velocity of flow, the coarser
dropping first, the finer at greater or less dlstances beyond, and the finest
floating on to other places of deposition.

Again, sands of like size but varying specific gravity will be assorted on
the same principle, iron sands (G =5) being left behind where the current
is only sufficient to carry on garnet sand and other lighter kinds; and garnet
sand (G =3'6), where the quartz sand (G =2'6) is still kept in move-
ment, so that several sorts of deposits may form by varying rates of flow.
If gold dust (G =18 to 20) were in the waters, it would drop long before
the iron sand. The principle is used in ordinary gold washings.

In drawing inferences as to rate of flow during deposition from the
fineness or coarseness of deposits, there is need of caution, because flowing
waters do not “scour” at the rates mentioned, unless the materials are quite
loose. Very slight compacting at surfaces will hold the sands and earth
down. Let any causes stir up the bottom, then the principle works well;
and in these modern times steamers up and down rivers, bays, and coasts,
often occasion that stirring which favors scour, to the benefit of navigation.
Professor Verrill has remarked that the shells broken up by fishes over the
ocean’s bottom make loose material easy of transportation by the Gulf
Stream.

An important exception to this relation between size of particles and
hydraunlic value, noticed and made the subject of special investigations by
E. W. Hilgard, arises from the tendency of the finer kinds of sediment in
fresh water, if the water is not absolutely quiet, to agglomerate their parti-
cles, when not over 1 mm. in diameter, into larger particles, or to flocculate,
as he terms the process, and so take the hydraulic value of coarser sediments.
He shows that fine river deposits consist largely of such flocculated particles,
and that the fitness of soils for tillage depends largely on the porous condi-
tion thus derived.

Some characteristics of water. — (@) A cubic foot of pure water at 62° F. weighs
436,495 grains, which equals 62:355 pounds, or nearly 1000 ounces avoirdupois = 28,315
grams. The soluble impurities of ordinary river water are 0:000186 of their weight.
(Murray.) )

Under a pressure of 1 atmosphere, water boils at 212° F.=100° C.; and under 45
atmospheres, at 510:6° F. = 265+9° C.
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(b) When water freezes, it crystallizes in the hexagonal system: either in slender
prisms ; in compact aggregations of prisms, making a mass of ice ; in small 6-rayed stars,
as in snow; orin feathery forms, as in the frost over windows and pavements in winter.
In the thick crusts made over water in cold seasons, the prismatic structure is vertical
except in a thin upper layer: a fact proved by means of polarized light.

(¢) The density of water is greatest at 39:2° F. = 4° C. From this point, it decreases,
or the water expands, as the temperature falls to 32° F., the freezing-point, and as the
temperature rises above 39-2° F. The specific gravity of ice, relatively to water as the
unit, is 0°9178 ; and hence 11 volumes of ice make about 10 of water.

(@) The increase of bulk of water when it becomes vapor, which it may at any tem-
perature, is, under ordinary pressure, 1700 times ; and hence 1 cubic inch of water yields
about 1 cubic foot of steam or vapor. The density of vapor at 212° F., taking air as 1,
is 0-6235.

In the further consideration of the subject of water as a mechanical agent,
the natural subdivisions adopted are: —

1. Fress WatErs; including especially Rivers, Lakes, and Subterra-
nean Waters.

2. The OcEax.

3. FrozeN WATER, or Ice, Glaciers, Icebergs.

I. FRESH WATERS.

The several topics are the following: —

. Gathering of water into rivers and lakes.
. Working-power of rivers.

Methods and results of denudation.
Transportation and deposition.

Special points in fluvial history.
Subterranean waters. -

SO W =

GATHERING OF WATER INTO RIVERS AND LAKES.

The fresh waters of the land come from the vapors of the atmosphere, and
these chiefly from the ocean, but largely also from the waters and moisture
of the land and its vegetation.

The conditions favoring the making of large streams are as follows: —

1. Large drainage areas, with high mountains on their borders.— The cold
summits of mountains are condensers of moisture, and sometimes perpetual
condensers, when the country below is dry; and their elevation gives force
to the descending waters. TLong slopes and combinations of those of differ-
ent mountain ridges and ranges make the great rivers. In the Americas the
mountain chains of the opposite sides of the continent contribute toward
the Mississippi, St. Lawrence, Mackenzie, Amazon, and La Plata; and so
it is in the Orient. Short slopes hurry off the waters to the sea and make
small drainage areas.



172 DYNAMICAL GEOLOGY.

2. Abundant precipitation. — The annual fall of rain (and snow) over the
Mississippi drainage area is,. for the eastern, or Appalachian part, 40 to 50
inches; for the much larger west-central part, west of the Mississippi River,
20 to 25 inches; for the western part, among the summits of the Rocky
Mountains, 25 to 30 inches. In the vast Amazon drainage area the annual
precipitation exceeds 50 inches both on the west and north, and is every-
where over 25 inches.

3. Upward waste, or that by evaporation, small. — Under a hot and dry
climate, and in the absence of forests, the waste is great. The western
tributaries of the Mississippi lose a large part of the waters received in the
mountains while descending the dry, bare eastern slopes. Where the Nile
takes its rise, the annual precipitation is over 50 inches, but it is not more
than 10 through the lower two thirds of its course. An extravagant example
of this waste is shown on the map of western Maui, on page 179, where there
are great channels in the mountains and mere threads over the surface to the
west where it seldom rains.

4. Downward waste, or that by gravity and soil absorption over the drain-
age area, small. — Not only loose sands, but also many sandstones are very
absorbent ; and limestones, although nearly impervious to moisture, are often
cavernous, and sometimes swallow up rivers. In western New South Wales
the rivers take only 2§ per cent of the precipitation, owing chiefly, it is stated,
to the porosity of the sandstone of the region. Most lavas are porous and
somewhat cavernous, but may lose these qualities by infiltration of earth
from decomposition. Further, most stratified unecrystalline rocks are loose
in bedding, and take off much water along the open spaces between the
layers. Granite and other crystalline rocks make the tightest basins; for
they absorb little.

Frozen or icy ground is like impervious rock; almost all the water that
falls over it goes to the rivers. Moreover, in cold weather evaporation
carries off but little. Hence come the sudden rise and height of many
spring floods in cold-temperate latitudes.

In very dry and warm climates, where the precipitation is reduced to a
few inches a year, rivers fail altogether, or flow only during the short rainy
season. Between drying up under the hot sun and soaking away in the
sandy soil, they are soon gone, and the lakes along their courses, or reeelvmg
their waters,may share their fate.

Other sources of loss in surface waters are (1) the demands of vegetable
and animal life; and (2) the chemical combinations attending the decay of
rocks in which hydrous minerals, as the hydrous iron oxide and clays, are
made.

Of the water precipitated, the rivers may get 45 to 50 per cent over regions
of crystalline rocks, as is true of the Connecticut River. In other parts of
temperate latitudes the amount is usually a third to two fifths of what falls.
But in warm latitudes it may be under one tenth. The mean annual dis-
charge of the Mississippi River is about 25 per cent of the precipitation; it
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averages 19} trillions (19,500,000,000,000) of cubic feet, varying from 11
trillions in dry years to 27 trillions in wet years. The Amazon, in the
tropics, with a drainage area not twice as large, carries to the sea five times
as much water as the Mississippi.

The mean annual discharge of the Missouri River is about 3} trillions, or ;15 of the
amount of the rains over the region. The corresponding amount for the Ohio is 5 trillions,
which is } the amount of rain. (Humphreys and Abbot.) The Ganges carries down about
4} trillions anunually, and the Nile 3} trillions. The rivers of England and Wales carry to
the sea 183 inches in depth out of an annual fall of about 32 inches.

WORKING-POWER AND ACTION OF RIVERS.

1. Energy from height of fall. —It has been stated that in rivers the
water works as it falls; so that the amount of work done depends on the
rate of fall along its course to its outlet, and the amount of water.

In the mountain stream the slope of the water varies from 90° or that of
a waterfall, downward to one degree and less. But in the large rivers it
seldom exceeds 12 inches to a mile, and is sometimes but one third this
amount.

The slope of the Mississippi, from Memphis down (855 m.) is 4-82 inches
per mile at low water; from Cairo, at the mouth of the Ohio (1088 m.),
694 inches; and above the Missouri, from its source, 11} inches. The
Missouri, from its highest source (2908 m.), descends about 6800 feet, or
28 inches a mile; but from Fort Benton to St. Joseph (2160 m.), about 11}
inches; and below St. Joseph to the mouth (484 m.), 91. (From Humphreys
and Abbot.) The average slope of the Amazon for 3000 miles from its
mouth is less than an inch, the descent in this distance being 210 feet ; of the
Lower Nile, not 7 inches; of the Lower Ganges, about 4. The Rhone is re-
markable for its great slope, it being 80 inches per mile from Geneva to Lyons,
and 32 inches below Lyons. The tidal portions of rivers, which have no
slope with the rising tide, have a slope and a strong flow with the ebbing tide.

During high floods the course of a river is shortened, because the minor
bends are obliterated by the overflow, and where the chanmnel is broad and
open, the slope is commonly increased in amount and uniformity. Narrows
between rocky bluffs act like a dam, and diminish the pitch above them,
often spreading the waters into lakes, while they increase the pitch below.
At such narrows floating ice often makes obstructions in the spring, which
greatly increase the height of the waters. A dam higher up the stream, that
obstructs or holds back the ice during its break-up, may save large areas
from the flooding effect of the narrows. Narrows are sometimes created along
streams by encroaching human “improvements”; but a narrowing either
of a river’s natural flood-grounds or its place of discharge may be a source
of disaster. The water-power of the flooded river is safely controlled only
by keeping the channel and outlet large enough to carry off all the water as
it comes.
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2. The amount of work which a body of water, as that of a lake, can theo-
retically do, on its descent to the level of the sea, is equal to the product of
the height of the lake (&) into the weight (W) of the water; and hence Wh
is an expression in foot-pounds for the energy or working-power potentially
present in the lake. The amount of energy in a lake a fourth of a square
mile in'surface, 10 feet in average depth, and 400 feet above the sea level, is
1,742,400,000,000 foot-pounds;-—a power sufficient, could it be expended
without loss, to raise a mass of stone weighing about 87,000 tons to the top
of a mountain 10,000 feet high. If now the water were allowed to flow by a
continuous slope to the sea level, without loss from evaporation, or from
resistance of any kind (such as friction, ete.), its velocity would increase
regularly according to the well-known law of falling bodies; and, in this
increase of rate, it would be constantly accumulating energy of motion, which
would be the exact equivalent of the energy of position it was losing; and
when it reached the lower level its velocity would be 160 feet per second
(about 109 miles an hour). In the case of falling bodies the relation
between the vertical distance fallen through (%) and the acquired velocity
(v) is expressed by the formula v= V2gh, g being the force of gravity,
usually taken at 32-2 (it is 32:165 at New York City); or, approximately
(since 2 g = 64:3), by the formula v =8 Vi, or h =g > In actual experi-
ence the theoretical result cannot be realized. On the contrary, the velocity
of a stream does not increase uniformly as it descends, and when it reaches
the sea, whatever the elevation at first, its velocity is in most cases nearly
zero. This is owing to the fact that its energy, instead of being stored up,
is being expended against the various resistances_encountered, that is: —

(1) In overcoming friction between (a) the molecules of the water
itself; () the water and the bed of the stream; (c) the surface of the water
and the atmosphere.

(2) In impact, or blows against the rocks or earthy material of the bed
and banks of the stream; and in pushing sand or gravel along the bed.

(3) In transporting earth, sand, or stones, held in suspension in the
water.

(4) In overcoming the friction between the transported particles and
the bed of the stream, and the friction between the particles themselves;
and also the loss from eddies made by the character or form of the bed
or otherwise.

By these means the energy is so far expended that no accumulation can
take place except on portions of a stream where the pitch is uniform and
considerable, and the bed is hard and smooth. In a waterfall, accumulation
goes on during the descent; but the whole energy of the stream is lost in
the stroke of the water at the bottom of the fall, where it is converted
into heat, —a fall of 772 feet producing heat enough to raise the tempera-
ture of the water 1° F.

Owing to the rapid increase of velocity in the descending water of a
waterfall, the stream in a high fall of small volume becomes divided up, the
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parts running away from one another and finally separating into drops; in
which case, owing to the resistance of the air, the velocity, and therefore
the energy, is almost wholly dissipated, and the fall becomes a veil of mist,
swayed by the winds.

3. Velocity of rivers.— The velocity of rivers varies (1) with their slope —
strictly the slope of the upper surface; (2) with the volume of water; (3) with
the friction of the bottom and sides — which increases with the roughness of
its surface, and the shallowness of the stream for a given volume; (4) with
the degree of uniformity of the cross-section and uniformity of course, — for
abrupt bends and shallowings increase friction. In other words, among
rivers a large stream of considerable depth, having a width not a score of
times greater than its depth, and a uniform cross-section and course, will be
least impeded by friction of the sides and bottom, and will work most effi-
ciently. Over a bottom of ordinary kind the velocity is greatest along the
line of greatest depth; and in any given section the maximum plane of flow
is at or near the surface, at about one tenth of the depth (Humphreys and
Abbot), but varying between zero and two tenths. The retardation at sur-
face is attributed by Professor James Thomson to the friction of the bottom
and sides; the eddying masses of water are thrown off by this friction,
which modify the veloeity in all parts of the stream, but most at the
surface.

The mean velocity is about four fifths of the greatest velocity ; or better,
according to Humphreys and Abbot, it is almost uniformly 0955 of the
velocity at mid-depth. The amount (in cubic feet) of water passing is equal
to the product of the mean velocity into the area of the cross-section. When
two streams unite without increase of piteh, the velocity is increased because
the surface of friction is less than in the two flowing separately.

Humphreys and Abbot, in their Report on the Mississippi River (page 312), give the
following formula for calculating the velocity of large rivers. It is applicable strictly to a
limited portion of a large river without bends. It is as follows: v=([225rs}]} —0°0388)2,
in which v is the velocity sought ; s, the sine of the slope; and r, the mean radius = area
of cross-section, a, divided by p+ W, or the length of the wetted perimeter (p) plus the

’

width at surface. In the general formula, the sine of the slope =s= % { = length of

a limited portion of the river. & = h, + h,, = difference of level of the water-surface at the
two extremities of the distance [, in which #, = the part of & consumed in overcoming
the resistances of the channel supposed to be straight and of nearly uniform cross-section,
and h,, = the part of » consumed in overcoming the resistances of bends and important
irregularities of cross-section. In the equation for large rivers, above quoted, %, is thrown
out by the conditions.

When a river expands into a lake, the velocity of flow is diminished
because of (1) the greater capacity of the lake for a given amount of length;
(2) the decrease in slope; and (3) the increased surface for evaporation.
There is little movement in the waters that lie below the level of the outlet.

4. Periodicity in working-power. — Rivers are periodical workers, owing
to periodicity in the day, the seasons, and in the longer climatal cyeles.
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The changes of the day determine alternations in amount of evapora-
tion, and, with greater effects, alternations in the supply from snow-covered
heights. The night suspends part of the supply by the freezing that goes
forward; and the day starts the flow again, the effects reaching the plains
below some hours after the change in the mountains, so that the night is
often the time of greatest flow.

With the alternating seasons, the changes are of great magnitude. All
rivers have their annual season of quiet flow, when work is often wholly
suspended, extending usually through most of the months of the year; and
then, once or twice annually, their periods of floods, when lazy streams
become impetuous torrents, and narrow streams mighty rivers, sweeping
over the bordering lands for miles, defying human attempts at management.

In mountain regions, and especially those of dry, almost rainless
climates, storms, called cloud-bursts, sometimes pass hurriedly and fill the
narrow valleys to a depth of 100 feet or more in a few hours, doing quick,
short, destructive work over small areas.

The flood season is geologically the working-time of rivers. After their
floods have passed, in which all work is of a broad sweeping style, rivers
return to quiet action along the bed, and often are divided into several
feebly chiseling strands along the channel. Sometimes only the stony
bottoms of portions of the channel are left dry; or, as in parts of Australia,
there remains merely a string of small, distant muddy pools, in which only
Fishes that are doubly equipped with breathing apparatus, like the Ceratodus,
could survive.

Rivers that rise in snowy heights, like the Rhine, Rhone, and Danube,
have their channels kept well filled in summer, the time of drought, because
that is the melting-time of the snows.

The flood season has its effects prolonged in many regions by the great
natural reservoirs over the land — the lakes and marshes. These stow away
the surplus waters and let them out gradually. Many temporary lakes are
made by floods which prolong greatly the period of high water under a con-
dition that is convenient for mill-uses. Man makes reservoirs for the same
purpose.

Forest regions also keep the soil beneath them charged with moisture,
and, like lakes, help to give rivers constancy of supply and uniformity of
flow. And evil often comes when the forests are cut away; for the rain
waters then speedily reach the river-channels and may occasion alternate
periods of wasteful violence and worthless feebleness. The cutting away of
the forests in the French Alps (Dauphiné) has led to uncontrollable erosion,
despoiled fields, and impoverishment of the people; and, in America, to
annual seasons of dry mill-ponds, an immense sacrifice of available water-
power, and the desertion of many a mill-site.

Where a river has its rainy region confined to the mountains about its
source, and flows below through dry plains, the floods travel gradually down
the stream, losing by evaporation and soil absorption as they flow on. There
is often much hard work done in the mountains, and little below.
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The floods of the Nile commence in southern Abyssinia (where the
annual fall of rain is 50 inches or more) in April, and reach Cairo in mid-
summer, and exert their beneficial influence over all the flood grounds
by the fertile silt deposited, which is estimated to amount annually to
140 millions of tons. The maximum rise is 40 feet, and the area of the
region flooded is 2100 square miles.

The distribution of tributaries influences the time and amount of floods.
In the Amazon, the tributaries north of the equator are flooded during the
rainy season of the northern hemisphere, and those south, during that of the
southern. In this way many rivers, by their widespread arms, take advan-
tage of the differences in the seasons or climates of the distant countries
whence they get their supplies. The floods of the Amazon convert the larger
part of its 500,000 miles of silvas into one great lake ; 3000 miles up the river,
an elevation above tide of only 210 feet is reached. The Mississippi hardly
feels the great floods of the Ohio unless they come when the Rocky
Mountain tributaries are also flooded; and these western tributaries are so
widely distributed and so large that they may make successive floods, or pour
in all together in one vast deluge, giving the Mississippi in some places
below the Ohio a breadth of 50 miles. At high water the flood-level is 70
feet above low water at Cincinnati, 51 on the Mississippi at Cairo, and 17 at
New Orleans.

The cycles of rainy and dry seasons sometimes seem to correspond with
the sun-spot cycle of 11 years; and greater cycles include 4 or 5 of the 11-
year cycles. No definite conclusions have as yet been formed regarding this
point.

5. Causes tending to determine the direction of draining courses.— The
chief causes are the following. As regards, —

(a) Slope. — The steepest descent accessible.

(b) Surface-form.— A depression leading downward to concentrate the
waters from a large area for work.

(¢) Basement rocks.— The belt of least resistance to wear. In the case
of upturned strata, whether folded or in monoclines, the belt of weaker
rock in the line of strike; or over folded rocks, the course of a region of
warped strata between the extremities, overlapping or not, of the folds (page
388).

(d) Fractures, faults.— The courses of great fractures and faults, and
especially those attending the flexing of rocks in mountain-making, as, for
example, those which determined the location of the Great Appalachian
valley of eastern Tennessee and its continuation northeastward (page 356).

(e) Meteorological conditions.— The belt or region of greatest precipi-
tation.

DENUDATION.

1. Work of the rain-drop. — Denudation by simple impact of water com-
mences with the descending rain-drop. The drop makes a shallow impres-

DANA’S MANUAL—12
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sion on soft earth or mud by denudation, which is circular or elliptical,
according as the wind blows or not. These impressions, if they escape
obliteration by succeeding drops and are soon covered by a layer of sediment,
become ‘fossil rain-marks,” and many surfaces so marked exist in the older
rocks, bearing evidence as to former rains, and also as to the above-water
level of the surface rained on. It may have been a mud-flat exposed between
high and low tides. When the drops strike a gravel bed, stones in the gravel
will protect the material directly beneath, while erosion around may cut
away the material, and leave standing slender columns, each capped with a
stone, as monumental evidence of the work done.

A miniature specimen of this work was observed by the author in 1887,
alongside of the path leading down into Kilauea. It had been produced by
drops falling from shrubbery, wet with the heavy
mist of the night, to a bed of earth, three or four
feet below. A portion of the scene is represented,
natural size, in Fig. 158.

Columns of 10 to 30 feet are often made out of
beds of gravel, glacial drift, and the like. Fig. 159
represents a case near Antelope Park, on a small trib-
utary of the Rio Grande, where a bed of tufa, over
500 feet thick, contains large stones. The waters of
the rains descending along the surface of a vertical wall first made, beneath
the stones, bas-reliefs of columns, and then the free columns; and, in the
end, an area three miles long and half a mile wide
was thickly covered with the columns, many 60 to 80
feet high, and some 400 feet (Endlich, 1875).

The power of water-strokes is well illustrated by
the effects in gold-washings from a jet under a head
of pressure derived from the water in an elevated
reservoir, as in California hydraulic mining. The
beds of compact auriferous gravel gradually return to
their original condition of loose earth and stones,
although struck only by a mass of pure water.

At Niagara, the spray made by the waterfall,
carried forcibly into an open chamber behind the
fall, causes the wear of the shales (James Hall).

2. The excavation of wvalleys ; Denudation.— Ero-
sion, excavation and denudation, or land-sculpture, are
parts of one process. The simplest illustrations of
the subject are afforded by the great, gently sloping,
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volecanic mountains, made up chiefly of stratified Endlich, *75.

streams of basaltic lavas. In them, the slopes are

but 5° to 10° and conditions determining direction of drainage are in general
reduced to two, the first and the last of those mentioned on page 177. The
facts here presented are from the author’s observations of 1839-1841, pub-
lished in his Exploring Expedition Report, 1849.
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The earliest stages are well illustrated in the Hawaiian mountains. One
of them, Mount Loa, 13,675 feet high (see Figs. 227 and 229), is still active;
consequently it is without river valleys or gorges. Another, Mount Kea,
13,805 feet, has many gorges on the wet or windward side, extending upward
from the coast, where they are several hundred feet deep; but they go only
half-way to the top. The leeward side is yet unchanneled.

The map here introduced is that of the adjoining island of Maui.
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On eastern Maui, the cone, 10,000 feet high, has a somewhat less recent
aspect in its rocks than that of Mount Kea. It has channels on its wind-
ward slopes, some of which reach up to the edge of its great crater; but on
the leeward side only narrow trenches that seldom contain water. At the
same time, western Maui, nearly 6000 feet, has profound valleys in place of
the many small ones, marks of very long exposure to denuding agents; and
another island of the group farther west, Oahu (Fig. 257), is like Maui in
having a western volcano in ruins, —a few crests and profound valleys in
place of even slopes, and an eastern volcano of much more recent aspect,
though more gorged than eastern Maui. But it met with a disaster in which
over half of its mass sunk beneath the ocean, leaving a precipice for 20 miles
facing the northwest or to windward. The nearly vertical surface has con-
sequently a range of alcoves, finely illustrating this style of mountain archi-
teeture. To the northward the alcoves are lengthened into gorges. Moreover,
over eastern OQahu the winds pass the summit of the precipice before the cold
heights have deprived them of their moisture, so that the leeward slopes take
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it, and show the fact of this reénforcement of the streams in the depth of
the valleys.

Finally, in Tahiti, as is shown in the map below, the work of erosion is in
a sense completed, in spite of the general covering of vegetation. The few
great valleys, which here take the place of the many of the early stages of
erosion, extend to the coast; and these valleys, instead of narrowing to the

161.

Map of Tahiti, the coral reefs excluded; the lower side is the northern, or that toward the equator:
PP, village of Papeno; M, of Matavai; P, of Papaua; T, of Toanoa; P’, of Papieti, the largest; P'', of
Punaavia. The valleys are named from the villages on the coast at their termination. Wilkes’ Exploring
Ezxpedition Report.

summit, widen out and stop off abruptly under precipices of at least 3000
feet. Some widen at their head into great amphitheaters or cires (the
“cirques” of French authors), illustrating well the origin of such amphi-
theaters.

In the above examples, the rains and mists of the higher and cooler
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parts of the mountains, and especially those of the windward side, are the
source of the water. The slopes collect it as it descends into streamlets;
these increase toward the foot, where the valley, as Mount Kea shows, first
takes shape.

The diagram Fig. 162, although greatly exaggerated in angle of slope, —
that of the line AB, — will serve to illustrate the steps of progress. In the
early stage a valley forms toward the base of the mountain, having its bed

162. 163.

along Im; and later along no. On reaching o, the most of the descent of
the declivity is made: the waters from o to B have, therefore, little eroding
power at bottom, and commence to erode laterally during freshets, under-
mining the cliffs on either side, when the rocks admit of it, thus widening
the valley and making a “flood-plain,” or ‘bottom-lands,” by deposition of
the transported material in consequence of the slackened flow. The river,
in this state, consists of its torrent-portion, Ano, and its river-portion, omB.
Along the former, a transverse section of the valley is approximately V-
shaped, and along the latter nearly U-shaped, or else like a V flattened at
bottom. The river-portion, omB, usually exhibits, even in its incipient
stages, its two prominent elements, — a river-channel, occupied at low water,
and the alluvial flat, or flood-ground, which is mostly or wholly covered dur-
ing freshets.

As the waters continue their work of erosion about the summits, where
the mists and rains are generally most abundant and often almost perpetual
through the year, the next step is the eroding about the summit and the con-
tinued deepening of the torrent-channel, making thus a precipice under the
summit, or toward the top of the declivity; in this stage, the course of the
waters is ApgB, and later, ArsB. The stream has now (1) a cascade-
portion, and (2) a torrent-portion, besides (3) its river-portion. The preci-
pices of the cascade-portion may be thousands of feet in height; and the
waters may descend in many thready lines, to unite below in the torrent.
The mountain cone, in such a case, may have its top chiseled into a narrow,
crest-like ridge or peak, with many vertical alcoves in the face of the!_reci-
pice that were made by the falling and leaping streamlets.

The next step in the progressing erosion, as Tahiti illustrates, is the thin-
ning and wearing away of the ridges that intervene between adjoining valleys,
in the higher regions where the descending waters are most abundant. It is
in this way that two valleys (or perhaps more than two, by the wear of more
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ridges) are combined into an amphitheater or cire. In Fig. 163, ArsB repre-
sents the course of the stream, as in Fig. 162; and AefB the eroded ridge,
which has lost at e much of its height.

The ascent of the mountain by following the valleys is in such a case
wholly impossible ; it can be accomplished only by finding the ridge that has
held on to its sumimnit connection with the peak. On Tahiti the ridge by
which the author made his ascent to b, the peak called Aorai, about 6000 feet
in height, narrowed to two or three feet, and for a short distance to a single
foot, putting risks into the excursion, since the slope either side fell off for
1000 to 2000 feet at an angle of 60° to 70°. Between b and a (the highest
peak, Orohena) the “divide” was reduced in height more than 1000 feet, and
the summit at b was but six feet broad. All the outlines of the original
crater had disappeared. The lavas usually lie in beds dipping seaward, but
those of the central precipices were without bedding.

From the steps in the work of erosion over such isolated volecanic moun-
tains it becomes evident that further progress would result in narrower,
thinner, and if possible steeper ridges; and, even when nearing the end, in
sharp crests and ridges, which finally would be likely to disappear through
weathering agencies. A flattening of the mountain would come at the very
end, and not be a step in the progress toward it.

These explanations show that a river rising in high mountains has (1) its
torrent-portion, and (2) its river-portion, along which it is bordered by flood-
grounds.

The river-portion consists (1) of an upper section of rapid waters, along
which erosion at bottom is continued, and the amount removed exceeds that
of deposition; (2) a section of feebler descent and slower flow, where the
removal by erosion in floods does not exceed that of subsequent deposition,
so that the stream has ceased efficient work. It has reached base-level —as
the condition has been termed by J. W. Powell. This base-level section
may end below in a decrepit portion, over which deposition along the bed
exceeds the amount removed in floods, so that thus a silting up of the chan-
nel, and also a corresponding rise of the flood-grounds, go on.

In the small Pacific islands these sections of the river-portion of a stream
are short and not always present. But on the western side of Maui there are
remarkable examples of a decrepit ending; for, while the valleys in the wet
and cool mountains are wide and profound, as the map shows, the stream over
the leeward (and hence nearly rainless) plain at the western foot is reduced
to a narrow trench, which part of the time is dry.

3. River valleys of the continents.— Over a continent where declivities are
long, and the gently sloping plains have large extent,—often hundreds of
miles in width, — each of the divisions of the river-portion of a stream, that of
rapid-working waters and that of base-level, is often of great length. More-
over, along many streams there are often several base-level portions, made by
obstructions; but where this is the case, as Powell remarks, it is evidence of
the relatively recent origin of the stream; for the wear of ages tends to
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remove the obstructions and reduce the stream throughout, or far toward its
source, to a base-level condition.

In New South Wales, Australia, where a friable Triassic sandstone 2000 to
4000 feet thick is the prevailing rock over large regions, the river-portion of
some streams is continued fromn the coast, between nearly vertical walls of
the sandstone, almost to the mountains, and there ends abruptly in the cas-
cade portion of the source. The following figure illustrates the steps of
progress : first, the cut of a torrent-channel to Cn'; and then the retreat of
the torrent portion by the continued wear, and the lengthening of a river-
portion from ' to n* and so on to n 2% »° when the torrent-portion is
reduced to a series of waterfalls. Over the wetter interior portion of the

Ideal section illustrating progressing erosion of a stream. D. ’49.

country the valleys have often great breadth, and at the head widen into
cires, owing to the many streams descending the steep sides; but toward the
coast, where the climate is relatively dry, the breadth does not much exceed
that of the inclosed stream.

A model of a system of erosion is often admirably worked out in the
earthy slopes along a roadside, — the little rill having its cascade-head, then
its torrent-channel, and, below, its flat alluvial plain, intersected by the little
winding water-channel; some of the ridgelets worn away in their upper
parts, until two or more little valleys coalesce; then, at times, the head of
the coalesced valleys widened into an amphitheater, and the walls fluted into
a series of alcoves and buttresses.

The process of raising the bed and flood-grounds of a river is often pro-
moted by the embankments made along the lower part of their course to
prevent extensive flooding, and to increase the depth by scouring. On some
Japan rivers, the beds, owing to the silting and the consequent making of
artificial embankments, are now 40 feet above the plains over which they
flow. 1In all improvements, it has to be remembered that the amount of
water discharged by a flooded Mississippi cannot be lessened by choking it.
It must and will have room to flow in, however desirable it may be to rob it
for storehouses and dwellings.

The flood-grounds of some large rivers extend scores of miles from the
low-water channel. On the Mississippi, abreast of Tennessee, they are in
some parts over 50 miles wide; on the Amazon (up which the tides go 400
miles), over 100 miles; and on the Paraguay there are lagoons 300 miles
in length.

4. Bends.— Where the pitch of the stream is very small, any obstruction,
or inequality of bottom, that throws the flow of maximum velocity to one side



184 DYNAMICAL GEOLOGY.

of the axial line, causes it to strike and erode the bank in front and deepen
the water, and to transfer the sand or earth removed by the erosion to the
opposite bank of the stream for a sand-flat; and it thus commences a curve
in its course, which may become a deep bend; and this bend may continue
the action and be the occasion of a succession of such windings. The length
of the Mississippi between the mouth of the Ohio and the head of the passes
at the Gulf of Mexico is 1080 miles, while the actual distance in a straight
line is about 500 miles. Cutting off a bend to shorten the distance along
the stream increases at the place the pitch, and thereby the velocity, and
gives the waters greater eroding power. The flow, consequently, would
deepen the channel. But it is likely also to erode the banks, and may carry
away all the farming land the cut was intended to gain or make accessible.
During great floods, a stream may cut off one or more of its bends, as has
happened in the Mississippi, along which narrow loop-form lakes and dry
channels have thus been made.

Many examples are on record of gorges, hundreds of feet deep, cut out of
the solid rock by only two or three centuries of work. Lyell mentions the
case of the Simeto, in Sicily, which had been dammed up by an eruption of
lavas in 1603. In two and a half centuries, it had excavated a channel 50
to several hundred feet deep, and in some parts 40 to 50 feet wide, although
the rock is a hard solid basalt. He also deseribes a gorge made in a deep
bed of decomposed rock, three and a half miles west of Milledgeville, Ga.,
that was at first a mud-crack a yard deep in which the rains found a chance
to make a rill, but which in 20 years was 300 yards long, 20 to 180 feet wide,
and 55 feet deep; and Liais describes a similar gorge, of twice the length, in
Brazil, made in 40 years.

5. Eddies, Pot-holes, Kettle-holes.— Flowing water gathers into its current
any still waters alongside, to fill the void behind, which the flow tends to pro-
duce, and thus eddies and eddy currents are made. When alongside of a rapid
current, any obstruction or shallowing causes there a diminished velocity;
eddies become whirls, and the whirling waters bear around stones which
abrade the rock beneath — new stones being carried in to replace old ones as
they wear out. This kind of boring often goes on with hardly more change
of center than in a carpenter’s work with his augur, and deep cylindrical holes
have been bored into the hardest rocks. Under a waterfall a broad basin
may be excavated in like manner. Pot-holes are usually from 1 to 6 feet in
diameter, and 2 to 20 feet deep.

Kettle-holes are nearly circular basin-like holes 50 to 150 feet and more
in diameter, in stratified or unstratified sands, gravel, or drift. For some
reason they have failed to become filled up to the level of the region around.
With regard to some, at least, of those in stratified terrace formations (see
page 299), the facts appear to indicate that the spots were originally holes
of moderate size and depth in the surface beneath; and that in the rush over
the spots by the flood waters that deposited the stratified material, the
waters kept them free of detritus by the whirl occasioned by the depth.
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6. Waterfalls.— The facts reviewed show that waterfalls are often a conse-
quence of the alternation of hard and soft strata in the course of flowing
waters. The hard strata resist downward wear; the soft yield easily.
Down the waters go, working with new force from the fall; hence they un-
dermine the hard bed and thereby steepen the descent often to a vertical or
even an overhanging front. The columns made by drops (page 178) partly
illustrate the principle.

The waterfalls about the head waters of rivers in the mountains have a
different origin; for the lofty precipices may be cut out of a single block of
rock, as in the case of the central portion of Tahiti. These precipitous walls
are a consequence of the prolonged erosion of a region uutil a larger part of
the vertical descent of the stream is made at or near its head.

Waterfalls far down the courses of rivers, like that of Niagara, are looked
upon as evidence of the recency of that part of the channel which contains
the fall (Powell). But those about the source in the mountains may be,
on the contrary, a final result after a long era of erosion; not the ultimate
result, for the last end of the work would be the degradation and removal
of the crested heights.

7. Features of mountains; Forms made by water-sculpture.— Elevations of
all kinds have derived their existing features largely through water-sculp-
ture. Tahiti was originally a lofty mountain, probably twice its present
height, with low, nearly even, downward slopes in all directions, and only
small unevennesses from the piling here and there of lavas through localized
eruptions. It now is a mountain of peaks, crested ridges with lofty preci-
pices, and vertical lines in all the features. But water has no need of a
mountain mass to make the grandest of so-called mountains. It will work
an elevated plateau, horizontal in surface, into mountain forms, and so make
mountains without any upturning or uplifting except that of the plateau.

The chief part of the features produced come from the alternation of
hard and soft strata among the stratified rocks; and these are greatly varied
by the positions of the strata. The elements of this system of architecture
are well illustrated in the figures on page 186 by Lesley, taken from bhis
work on Coal and its Topography (1856), in which the author has given
the results of extensive personal observation in the Appalachian region. The
harder strata may be hard sandstone or limestone, and the softer, shale or
crumbling sandstone. The first figure (165) illustrates the origin of a
“table mountain” or “mesa” (Spanish for table), a hard layer making the
top, and, by resisting wear, protecting the softer beds directly below it. The
other figures illustrate other effects, under the same principle, in rocks having
various positions. Figs. 166 to 172 are synclines, and 173 to 176, anticlines,
of different forms, in three of which a valley has the place of the upward
bend — a common fact in the Appalachian Mountains.

Monument Park in Colorado is a region of Tertiary sandstone carved into
monumental forms by denuding processes, the winds having given finishing
touches. As the view shows, the thin, harder layers in the sandstone make
the caps and moldings of the monuments.
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Sections illustrating results of denudation. Lesley.

The Colorado Cafion, along an east and west portion of the river, between
the meridians of 111° and 115° W., 3000 to more than 5000 feet in depth,
affords grand illustrations of cafion-making by water-sculpture. It was
studied at some point, by Newberry in
the Ives expedition in 1857-58, and more
fully by Powell in 1869-1872. The rocks
are horizontal or nearly so, and their
edges make the vertical walls of the
cafion. In some parts the cafion is cut
out clean from side to side, with barely
room between precipitous walls 3000
feet high for the stream, as in the ¢ Mar-
ble Cafion,” (Fig. 178) — an eastern por-
tion of the stream north of the west-
ward bend. In other parts, a wide region
intervening between the lofty walls of
rock is sculptured throughout into moun-
tains 3000 to 5500 feet in height, consti-
tuting a group of architectural structures
of unsurpassed grandeur. Part of one of
the views from Captain C. E. Dutton’s
History of the Grand Cafion (1882) is given on page 188. The principal
mass to the left of the center bears the name of Vishnu’s Temple, and
has a height above its base of 5500 feet. The walls in the distance are
the northern walls of the cafion, and the foreground to the right in front is a
portion of the opposite or south side. The deeper part of the cafion, at the
base of this side, containing the river channel, is not in the view. The
peaks of the interior are higher than the Appalachians. As all is bare rock,
the view is a remarkably instructive example of simple denudation.

177.

Erosion, Monument Park, Colorado. Hayden.
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The effects of alternation in hard and soft layers, distantly spaced or
grouped, appear throughout the scene. Besides, there are columnar lines
due to vertical joints in the harder beds, or to rill-work down the vertical
and sloping surfaces.

178.

Marble Caion. From a photograph.

The rock of the level region either side of the cafion, and of the upper
part of the walls, is Carboniferous limestone. Below are Paleozoic sand-
stones and other limestones, descending to the Cambrian; at bottom, in
some parts, and for a height of 500 to 1000 feet above, the rocks are granitic.

Many views of the Colorado Cafion also show ranges of flat-topped
mountain heights to the north, all of which have similar architectural
features in their declivities, yet with peculiarities belonging severally to
the rocks of the different periods represented. As described by Dutton,
first, in the ascent to the summit, there are the Triassie “ Vermilion Cliffs”
above these the white and red Jurassic; then the pale yellow, gray, and
brown Cretaceous strata; and at the top great plains, the High Plateaus of
Utah, the highest nearly 12,000 feet above sea level, which, unlike the
slopes, are covered in some parts with forests. The vegetation at the sum-
mit is accounted for, says Dutton, by the fact that the rainfall there is 30
inches a year, while only four to eight inches in the lower country. These
mountain plateaus are remnants of formations that once covered the cafion
region and extended far away into Arizona.
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The results are the more marvelous in that they are the work of the later
part of geological time, commencing after the Tertiary era had begun. They
show that to produce a mountain group, with summits thousands of feet above
the plain around, it is only necessary that subterranean action should make
a plateau of sufficient extent and elevation. Through the rains, the sculp-
turing will all be done in time. Many of the so-called mountains of Colo-

179.
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View of peaks and ridges within the Colorado Cafion, south of the Kaibab Plateau. W. H. Holmes.

rado and other parts of the Rocky Mountain region, and some of those in
eastern America, as the Catskills in New York, and parts of the Alleghanies,
consist of nearly horizontal strata, and are examples — not of mountains made
by upturning, but of plateaus carved into models of mountains. Scotch val-
leys and elevations so modeled gave Hutton the first right ideas on this subject.

The “harder” rocks in the scenes described, it is to be understood, are
not granite, gneiss, syenyte, and the like; they are not rocks of any particular
kind. Granite may constitute the loftiest and boldest of ridges and moun-



WATER AS A MECHANICAL AGENT. 189

tain needles; but much of the granite of the world easily crumbles under
atmospheric influences, and makes the tamest of scenery. Slates standing
on end often bristle slopes with projecting ledges, and rise into lofty needles
that defy the elements, like the Matterhorn in the Alps; but other slates are
fragile, and wear down into hills of gentle earth-covered slopes.

8. Climatal effects. — Climatal causes also have great effect on the work
of rivers. A wet climate produces abundant vegetation, which is more or
less a protection from wear; and in tropical regions it covers even precipices
with ferns and other foliage. It also occasions rapid decay by the chemical
and other weathering methods. Moreover, it sometimes makes deep, hard-
working rivers, torrents that sweep away roughly, degrade rapidly and per-
sistently and leave behind massive peaks, broad mountains, earth-covered
slopes ribbed or belted by the more enduring beds, with gently swelling out-
lines over the lower slopes, and foliage almost everywhere.

A dry climate, on the contrary, as in the Colorado region, and that of
Yellowstone Park, makes small streams or streamlets in the mountain valleys,
many of which through much of the year are only threads of water, if not
wholly dried up. They hence finish off with sharp and delicate outlines.
All the variations of the beds in hardness are expressed in series of pro-
jecting edges beneath the broader shelves and entablatures. The jointed
structure of the thick, durable beds adds much to the diversity of surface,
instead of insuring the removal of the beds. The winds also aid with
lighter finger.

In such regions, color from foliage may fail. But the dripping waters of
the occasional rains, or the oozings through the steep mountain-sides, transfer
to the surface the results of oxidations and deoxidations, and paint the walls
with various delicate tints.

Even alternations of half-hardened clay-beds and sand-beds, under such
conditions, as Colorado scenery illustrates, may be cut into groups of pinnacles,
turrets, and columns finished with capitals and bases which will last indefi-
nitely ; for whatever the occasional supply of waters to the channels, it ends
in reproducing the same features in the soft beds. Appalachian rains, as
Powell says in his work on the Colorado Cafion (1875), would soon oblit-
erate much of Colorado scenery. The excavation of the Colorado Cafion
has been chiefly due to great floods; but the finishing work carried on
within it has been of the gentler kind.

TRANSPORTATION AND DEPOSITION.

Amount of material transported and deposited by rivers. — The materials
transported by running waters are (1) stones, pebbles, sand, and clay or
earth; (2) logs and leaves from the forests, and sometimes trees that have
been torn up or dislodged by the current; (3) Mollusks and their dead shells,
‘Worms, Insects, etc., attached to the logs or leaves; (4) occasionally larger
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animals, that have been surprised and drowned by freshets, or bones that
have been exhumed by the waters.

The amount of transportation going on over a continent, especially in
seasons of floods, is beyond calculation. Streams are everywhere at work,
rivers with their large tributaries, and their thousands of little ones spreading
among all the hills and to the summit of every mountain; and thus the
whole surface of a continent is on the move toward the oceans. The amount
transported is a measure of the amount lost by the land, as well as of that
gained by the river plains, lakes, and seas. The amount of silt carried to
the Mexican Gulf by the Mississippi, according to the Delta Survey under
Humphreys and Abbot, is about 545 the weight of the water, or gl its
bulk; equivalent for an average year to 812,500,000,000,000 pounds, or a
mass one square mile in area and 241 feet deep.

The following table contains the ratio of sediment to water by weight, as obtained by
the Delta Survey, and also the results of other investigations.

Ratio. Time.

: 1808 12 mos., 1851-1852.

: 1449 12 mos., 1852-1853.

: 1321 9 mos., 1858.

: 1256 2 mos., 1838.

: 1724 1838.

: 1245 14 days,summer of 1843,
: 11565 35 days,summer of 1846.

Mississippi River, at Carrollton, by Delta Survey,
Mississippi River, at Carrollton, by Delta Survey,
Mississippi River, at Columbus, by Delta Survey,
Mississippi River, at Mouths, by Mr. Meade,
Mississippi River, at Mouths, by Mr. Sidell,
Mississippi River, at various places, by Prof. Riddell,
Mississippi River, at New Orleans, by Prof. Riddell,

Rhone, at Lyons, by Mr. Surell, : 17000 1844.
Rhone, at Arles, by Messrs. Gorsse and Subours, : 2000 4 mos., 1808-1809.
Rhone, in Delta, by Mr. Surell, : 2500.
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Ganges, : 858, at flood-time.

For the Danube, the ratio at low water is 1: 33,000 ; at flood, 1:2400; for the Po, at
flood, 1:300 (Lombardini); for the Meuse, at low water, 1:71,420; at flood, 1:2100
(Chandellon) ; for the Irrawaddy, at low water, 1:5725; at flood, 1: 1700 (Login) ; for
the La Plata at Buenos Ayres, 1: 7752, at which rate it carries seaward about 224,000 tons
of sediment each 24 hours, but dropping part of it along the 100 miles before it reaches
the sea (Higgin).

The annual discharge of sediment from the Ganges has been estimated at 6,369,000,000
cubic feet, or 378,100,000 tons. The Nile brings down annually nearly 150,000,000 tons.
The bulk may be calculated, by taking 1-9 as the specific gravity of the material.

Besides the material held in suspension, the Mississippi pushes along into
the Gulf large quantities of earthy matter; and the annual amount thus
contributed to the Gulf is estimated to be about 750,000,000 cubic feet, —
which would cover a square mile 27 feet deep; and this, added to the 241
feet above mentioned, makes the total 268 feet.

This amount is equivalent to an average of g, of a foot annually from
the whole drainage area of the river; or, in other words, the area would be
lowered by it, on an average, one foot in 4920 years. The Ganges works
faster, the amount it transports to the sea being such as would lower its
drainage area, on an average, a foot in 1880 years. All the rivers that enter
the ocean or the seas over the land, are working in the same way, and with
results to the continental surface mostly between these two extremes.
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T. Mellard Reade estimates that the water (about 68,451,000,000 tons) which annually
runs off from the area of England and Wales carries to the sea 8,370,630 tons of
solids in solution, or 1223 parts in every 10,000 of water, consisting of about 0-95 of
calcium and magnesium carbonates and sulphates, 0-166 of sodium chloride, and the rest
nitrates, sodium carbonate, alkaline sulphates, silica, and iron sesquioxide ; and at 15 cubic
feet to the ton, the denudations thus occasioned would equal one foot in 12,978 years.
Prestwich obtained (1872), in a similar calculation, one foot in 12,000 years for the calcium
carbonate carried off by the Thames from the chalk, greensand, and od&litic formations.
The total annual denudation for England, from this source alone, is made 143+5 tons per.
square mile. The Rhine, according to Reade’s calculations, removes about 92-3 tons in
solution per square mile ; the Rhone, 232 tons; the Danube, 727 tons; the Garonne, 142
tons ; the Seine, 97 tons. From these data the conclusion is reached that over the world
the average annual amount of rock-material dissolved and carried off by rivers is about
100 tons per square mile, of which about 1 is probably calcium carbonate, 1 calcium
sulphate, 7 tons silica, 4 tons each magnesium carbonate and sulphate and sodium chloride,
and 6 of alkaline carbonates and sulphates. The annual amount of detritus brought
down by the Danube is about ;555 of the water, or three times the amount of solids in
solution. Taking the amount of solids removed mechanically at six times that in solu-
tion, the total annual amount of denuded material for the globe would be 600 tons per
square mile.

While the land loses through erosion, the gain of the oceanic depressions, or of its
borders, is exceedingly small. C. G. Forshey, after stating that the Gulf of Mexico has
an area of 600,000 square miles, an average depth of 4920 feet, and is about 85,000,000,-
000,000,000 (85 quadrillions) of cubic feet in contents; that its whole drainage area is
2,161,890 square miles, and the amount of fresh water it receives from this area is 37-78
trillions of cubic feet ; adds that if empty, it would take its tributary rivers at this rate
2250 years to fill it with water, or the Mississippi alone, 4000 years. Consequently, if all
the rivers contribute on an average ,¢;; their bulk of detritus, it would take nearly
6,000,000 years to grade the depression up to the sea level, or for the Mississippi alone, about
11,000,000 years. This statement assumes that the bottom does not sink under the load.

The quantity of wood brought down by some American rivers is very
great. The well-known natural “raft,” obstructing Red River, had a length,
in 1854, of 13 miles, and was increasing at the rate of one and a half to two
miles a year, from the annual accessions. The lower end, which was then
53 miles above Shreveport, had been gradually moving up stream, from
the decay of the logs, and formerly was at Natchitoches, if not still
farther down the stream. Both this stream and others carry great numbers
of logs to the delta.

DistriBuTIoN. — The transported material of rivers is distributed —

(1) Along the channel, forming sand-flats, and mud-flats, and deposits
also in the lakes of the drainage area.

(2) Over the flood-grounds, supplying what these may annually lose dur-
ing floods, and adding, in places, to their height, thus making fluvial or allu-
vial formations, and, about lakes, lacustrine formations.

(3) About the mouths of tideless rivers, making deltas on the sea border
and on lakes. i

(4) About the mouths of tidal rivers, making estuary, shore and off-shore
deposits. This last subject is deferred to the chapter on the Work of
the Ocean.
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(1) General distribution. — The material carried down by a river is only to
a very small extent gathered by the main stream from its head sources. The
upper contributions are nearly all left high up the valley, and only little
of the lighter sediment received usually continues far down the main trunk.
A river has many contributors along its course, each pouring in coarser or
finer sediment from cobble-stones to silt, according to its pitch, velocity, and
resources; and what each, in sucecession, contributes, the trunk stream dis-
tributes and deposits about and below the place where received, dropping it
near by if it is coarse, carrying it on for awhile if fine. Thus from the suc-
cessive depositions of the material of the successive tributaries, the trunk
stream produces its “fluvial formations.” Such a formation may therefore
be continuous through the whole length of the river-portion of the stream,
but be exceedingly varied in constitution. In addition to all this, the river
has often, in its course, steep rocky shallows and deep lake-like portions, if
not true lakes; and thereby the waters may have all grades of velocity to
the gentlest. These different styles of flow will be continued to some extent
through ordinary floods, notwithstanding the generally quickened move-
ment; and this is another source of diversity in the fluvial depositions, since
deposition is dependent on rate of flow, and the slow lake-like waters deposit
fine material over their flood-grounds as well as along their banks and
bottom. No pebbles or stones above a region of sleepy waters could get
across to join a pebbly region made below by a tributary ; they must be ground
up for transportation and then take their chance with other fine sediment.

Depositions are made along broad channels when the flow is not rapid
enough throughout the breadth to sweep all the transported material down
stream. The chief current (or currents) makes its own deep, often stony,
passage-way ; but either side the detritus drops because of the slower flow,
and raises the bottom more or less, or to the surface, according to the degree
of slowness, the eddying currents, and the supply and fineness of detritus.
The trend of the shores, pitch of the bottom, and other causes, locate the
swifter currents in the channel, and thereby tend to locate the banks or reefs.
A stranded log may change the course of the former, and thereby the posi-
tions of the latter. The lodging of drift-wood on a sand-bar may serve to in-
crease the accumulation over it, and so change the bar into a wooded island.
But high floods rob the bars at the same time that they add to them, or they
may sweep them away, even if already an island, to form other bars and
islands. They push along the movable detritus of the river’s bottom, and
also drop more to keep it generally at the old level. Thus all is movement
and change along a river’s channel, and deposits of all degrees of fineness or
coarseness may be of simultaneous origin.

‘When two rivers unite, one often makes a shoal in the other, by throwing
a bar across the channel through the descending detritus of flood-waters.
The waters of the upper Mississippi are pushed to the opposite shore by the
contributions of a tributary, and a deep, still-water, navigable area is made
above the junction, and rapids below it. Further, the tributary, if not in
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flood at the same time, will have its mouth filled with sand-bars by the
greater river, and often, also, in spite of its floods. This subject is well
illustrated in Reports on the Mississippi and its Tributaries by General
G. K. Warren.

Sand-bars; obliquely laminated structure.— A sand-bar, as shown by Gen-
eral Warren, has usually a slight pitch up stream and a steep one at the down-
stream extremity. The sand is carried on until the crest is reached, when
it falls over and stops in the still water below. The stratification will corre-
spond with the surface; and as the sand-bar extends itself down stream by
the additions to its extremity, the pitch of the down-stream extremity will
determine oblique bedding parallel with it. The pushing of detritus along
the bottom of a river must result in similar oblique bedding. But in both
cases, oblique deposition will be followed by deposition in horizontal beds
when the floods are declining, so that combinations of the two, often of a
very irregular character, should exist in such deposits.

(2) Over the flood-grounds. — The flood-grounds or river-flats are under
water only in times of floods. As the water rises in the channel, the velocity
slowly increases; finally, where too great to be further withstood by the
earthy banks, the waters spread laterally to the limits of the flats. They
lose in velocity, and drop more or less of the material transported, resting
long after the flood ceases for such deposition wherever the surface is low.
At the same time, the upper or surface portion of the flood-waters may shear
off any accumulations above the general level, left by a former higher flood,
or may work with the outer margin to extend the limits of the flood-grounds.
The flood-grounds may thus lose from their surface, and, in parts, be cut
away to open new channels; but they generally gain as much as they lose
or more. Along the sides of the channel they are often built up higher than
elsewhere, thus making high banks which may be emerged during an ordinary
flood. This raising of the margin takes place because of the deposition from
loss of velocity by friction against the banks, and because logs and debris
of other kinds are here stranded; the debris serves to impede the velocity
still more and thus is buried by the sediment. Further, an emerging bank
often catches floating seed and grows shrubbery. These raised banks are
most common along the lower, less vigorous portions of a river. They give
the flood-plains a slope outward on one or both sides. Along the lower Mis-
sissippi the pitch from the river amounts, on an average, to seven feet for the
first mile. (H.& A.) Asabove explained, the deposits of the flood-grounds
may be the finest of silt, or the coarsest of gravel and stones, according to
the region and the pitch of the stream. The course of a tributary from a
mountain region over the flood-plain of the main stream may throw into
and across the earthy or sandy flats of the latter a wide thickening bed
of stones or gravel.

A flood-ground is properly the surface of a terrace; and it is the lowest
of the terraces where a valley has several. Terraces occur along nearly all
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river valleys in the northern half of the United States, and in some of the
southern half. Fig. 180 represents the terraces in the Connecticut valley,
south of Hanover, N.H.

The fluvial beds in these terraces consist of sand, gravel, or clay; and
ordinarily the stratification is very distinet. The sand-beds often have the
cross-bedded stratification, illustrated on page 93, and in some places the
flow-and-plunge structure.

The height of flood-plains in a valley is determined approximately by the
height of the floods. Floods raised to different levels would tend to make
plains at different levels, or terraces, in the valleys of a country. If a high
flood-level had thus made a high flood-plain or terrace, other terraces might

180.

Terraces on the Connecticut River, south of HHanover, N.H. R, Bakewell, ’49.

be formed at different levels below this during the decline of the flood, if it
were slow and intermittent in progress, by lateral removal of material, or by
new depositions. The enormous floods from the melting ice of a glacial
era would be subject to just such slowly progressing and intermittent decline,
because of the thickness of the ice, and its long continuance about the
mountains, and might, therefore, leave the valleys with one or several
ranges of terraces.

1. Alluvial cones. — The deposit of a rapid tributary at the base of the
ridge it descends, where it meets the broad plain of the valley, piles up and
makes a low elevation which is called an alluvial cone. The steeper cones are
made by torrents at the base of rapid declivities, and have an angle of 10° or
more, and those of large streams spread away at a very small angle, often 1°
or less, and usually terminate in the main river of the valley, or a lake, with
the form approximately of a delta. Figs. 181, 182 represent such cones
from the upper Indus Basin, described and figured by F. Drew (1873).
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The torrential stream in its flood-time cuts channels through the cone that
later quiet depositions fill up. In Fig. 182 a cone is encroached npon (near d)
by the river. Alluvial cones, of great size and low angle, occur at the base of
the mountains in the Great Basin and in some other parts of the Rocky Moun-
tain region, and have been described by Gilbert (1877-1890), Dutton (1880),

Alluvial cone or fan-talus of upper Indus Basin. Triple alluvial cone, ibid. Drew.

and 1. C. Russell (1885). The gravelly deposits of this kind at the mouth of
tributaries in the Connecticut valley and elsewhere were called deltas by
E. Hitcheock, and the terraces over the surface either side of the stream,
delta-terraces.

2. Loss. — The terrace-like deposits along portions of the valleys of the
Rhine, Danube, and Mississippi consist of loamy earth called lcess, which is
peculiar in its absence of stratification, and often also in its vertical surfaces
of fracture. They have remarkable extent along the Hoang Ho in China.
The accompanying sketch, from Richthofen’s great work on China (1877),
shows its usual landscape features. Erosion reduces portions of its margin
to a collection of towers, peaks, and deep and narrow labyrinthine passages ;
and human contrivance makes dwelling-places by excavation. The thickness
is stated to be in some places 2000 to 2500 feet. The material is a brownish
yellow earth, containing land-shells and calcareous concretions. It occurs at
several different levels along the river, 100 to 250 feet within 175 miles of
the sea; next, beyond a region of mountains, 1800 to 3500 feet; after passing
another mountain region, 4500 to 5800 feet; and it is stated to extend to
the most western sources of the river over 900 miles from the coast. The
river at these levels, as in other cases of leess deposition, was probably lake-
like. Long-sustained floods of the rivers in the mountains from melting
glaciers are one explanation of the source of the material. Eolian drifting of
dust from the salt-steppes of Siberia is Baron von Richthofen’s theory, which
the absence of a wind-drift structure renders improbable.

Deposits occur in the Great Basin resembling the lcess in absence of stratification and
other characters, which are called adobe by Mr. I. C. Russell, from the name for sun-

burnt brick, because this material is used for making the brick. It has usually a
yellowish color, and is more or less calcareous. It is described as a result of the wash
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and deposition of the ephemeral streams and the thousands of little rills that are
occasionally at work over the surface of the dry regions: the annual precipitation is less
than 20 inches. The deposits in some places are hundreds of feet in depth. The
calcareous portion is attributed to land-shells. It is various in composition, containing
1 to 14 per cent of alumina, 19 to 67 of silica, and 2 to 6 of water, with 3 to 60 per cent
of calcium carbonate.

Leess formation on the Hoang Ho, in the province of Shan-8i, China. Richthofen,

Fine mud-like deposits are formed over the Great Basin in temporary lakes, callea
playas, produced by the overflow of rivers, the material of which is related to the preced-
ing. The mud contains more or less of the saline ingredients of the evaporating waters.

(3) Delta-formations. — The larger part of the detritus of a river is carried
to the ocean, or lake, into which it empties; and it goes to form more or less
extensive flats about the mouth of the stream. Such flats, when large and
intersected by a net-work of water-channels, are called deltas; they are river-
made, and reach a large size only where the tides are quite small, or are
altogether wanting.

The spread of a river into a delta at its mouth is a consequence of its
enfeebled or decrepit state. Deposition is excessive and becomes an obstrue-
tion to the flooded river, and consequently, besides keeping open one or two
main channels, the waters cut new channels at flood-times, which may partly
disappear and become replaced by others in future floods. The surface
thereby becomes intersected by many lines of sluggish waters, small and
large, which flood-time puts into temporary activity. The deposits have a
slight slope seaward, and thus approximate in character to an alluvial cone
(Gilbert), although a consequence of the floods of a stream in decrepitude,
and not of one in a torrential or vigorous state. Through the flood-deposi-
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tions over the various parts thus carried forward, along with the aid of
encroaching vegetation, a large portion of a delta may become emerged.
More than two thirds of the Mississippi delta in the ordinary state of the
river are above water; and over this part are plantations of rice, sugar, and
cotton, and cypress forests. The area of actually productive land within it
is 22,920,320 acres; of reclaimable land, 35,813 square miles. But if the
river were unrestrained by levees, the highest floods would fill the alluvial
basin and make a sea 600 miles long, 60 miles in mean width, and 121 feet
in mean depth. (C. G. Forshey, 1873.) The force of the flood-waters of the
Mississippi is so great, and the amount of transported detritus so large, that
the stream pushes out its long arms into the Gulf, by its method of deposit-
ing load after load; and it is still continuing its elongations at the extremities
of the passes.

Delta of the Mississippi.

The shallow waters within one to three miles of the main channel at the mouth of the
Mississippi River (see map) are dotted with what are called mud-lumps, — convex or
low conical elevations, sometimes 100 feet or more in diameter, showing their tops at
the surface. They originate in upheavals of the soft but tough bottom. Once formed,
they discharge mud from the top, which gives to the material of the low cone the structure
of a voleanic cone, the successive layers being, however, of mud, and but a fraction of an
inch thick. They finally collapse ; and then the cavity of the cone sometimes becomes the
site of a pool of salt-water, like the lake in an extinct volecano. They are formed, accord-
ing to Professor E. W. Hilgard (from whose excellent description in the American
Journal of Science, 1871, the facts here given are cited, and who adopts, in the main
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point, the view of Lyell), through the pressure of the surface deposits on a layer of mud
which overlies the Port Hudson clay, or older alluvium of the river. Some carbo-hydro-
gen gas is given out, arising from the decomposition of animal or vegetable matters in
the mud. The mud-discharges tend to increase the shallowness of the waters and push
out the land into the Gulf waters. Mr. Hilgard states, in 1871, that Morgan’s mud-lump,
in the marsh of Southwest Pass, had been active for 256 years, and during the time the
bars had moved gulfward a mile and a half. He closes his paper with a remark (vol. i.
435) relating to the distance to which the Southwest Pass must extend in order that there
shall be no danger of mud-lumps within the channel. The Eads jetties have since then
been made along this pass, in order to give it greater depth. It has secured the depth;
but with danger from this source still existing, as Professor Hilgard has observed.

According to Humphreys and Abbot, the outer crest of the bar of the Southwest
Pass, the principal one of the Mississippi, advances into the Gulf 338 feet annually, over a
width of 11,500 feet; and the erosive power is only about f; of its depositing power.
The depth of the Gulf, where the bar is now formed, being 100 feet, the profile and other
dimensions of the river, in connection with the above-mentioned rate of deposit, give for
the difference between the cubical contents of yearly deposit and erosion 255,000,000
cubic feet, or a mass 1 mile square and 9 feet thick: this, therefore, is the volume
of earthy matter pushed into the Gulf each year at the Southwest Pass. The quantities of
earthy matter pushed along by the several passes being in proportion to their volumes of
discharge, the whole amount thus carried yearly to the Gulf is 750,000,000 cubic feet,
or a mass 1 mile square and 27 feet thick. As the cubical contents of the whole mass
of the bar of the Southwest Pass are equal to a solid 1 mile square and 490 feet thick,
it would require 55 years to form the bar as it now exists, or, in other words, to establish
the equilibrium between the advancing rates of erosion and deposit. Hilgard has shown
that, about New Orleans, the modern alluvium has a depth of only 81 to 56 feet, there
existing below this the alluvial clay, etc., of the Port Hudson group.

The delta of the Hoang Ho (Yellow River) extends along the coast from near Peking,
on the north beyond the Pei Ho, to Hung-tse Lake, on the south, where it joins the
plains of the Yang-tse-Kiang. The distance is 400 miles; but the mountainous coast-
province of Shan-Tung is to be excluded. From the coast, the delta extends westward
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